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General Introduction
    Organic synthesis has developed diamatically for the several decades. The
nevvr synthetic methodologieg. contributed significantly ro satisfying the basic
needs for materials.1 Recent progress of organic synthesis make numerous use-
ful reactions available for complex natural compounds which had hardly been
synthesized in the past. Total synthesis of biologically active compounds has
been amajor part ofapplication of synthetic chemistry to life science. As a result
creative chemical approaches based on the use of synthetic organic chemistry to
produce new molecule for study can increasingty contribute to a sophisticated
understanding of how molecules function. In this trend, there are great demands
for more effective reactions for synthesis of molecules that are powerful tools to
understand cornplexity of life.2
      Application of lanthanide Teagents to organic synthesis is currently one of
the rnost rapidly developing areas of synthetic chemistry.3 A great number of
synthetic reactions have been explored by the use of lanthanides reagents, and
some of them have become indispensable protocols in modern organic synthesis.
The lanthanide are the 15 elements that belong to the third group and sixth period
in the periodic table. These elements are generally called f-block elements or
inner transition elernents, since (with the exception of lanthanum) they possess 4f
electrons. Lanthanide elements exhibit unique physical and chemical propenies
which differ from those of main group elements and d-block transition elements.
Numerous synthetic reactions artd new methodologies have been explored by
utilizing the characteristic propenies of lanthanides. Extensive use of lanthanide
elements were initiated only after the pioneering work by Kagan and Luche3atC).
1
Some of them are superior to existing rnethods, and are the method of choice in
synthesis. One ofthe most significanr developments in this field over last decade
has been the emergence of SmaD iodide as a powerful, yet selective, reducing
agent. Another important applications of lanthanide reagents to synthetic or-
ganic chernistry is the use of organocerium reagent in carbonyl addition reaction
to highly enolizable substrate.
    The purpose ofthis thesis is to desciibe the studies that are concerned with
the new investigation of preparations and reactions of
(alkaneimidoyl)lanthanideall) and to show that this reagent is a powerful tools
for synthesis of rnolecules that aie useful to the investigation of material science
as wetl as life science. (Alkaneimidoyl)lanthanide(M) employed in this study is
a novel three component coupling intermediate which is in situ generated with
high selectivities and good yields by a novel three cornpenent coupling reaction.
This thesis also describes its applications to the total synthesis of natural and 13C
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    The frrst report of synthetic utility of (aikaneimidoyl)samarium(llI) was
published in 1990 by Ito's group.4 A new synthetic access to a-hydroxy ketones
by samarium(II) iodide-mediated tluee-component coupling of organic halides,
an isocyanide, and carbonyl compeunds was disclosed in the report. It is noted
that the mild reaction conditions for the three cornponent coupling may tolerate
various functional groups inc}uding terminal acetylenes and trimethylsilyl ethers
(Scheme 1,).
3
    Chapter 1 describes a new generation of (a-hydroxya]kaneirnidoyl)
samarium(III) species by sarnarium(II) iodide-mediated coupling reaction of
carbonyl compounds and isocyanide and a synthetic application for preparation
of a-hydroxy aldehyde. An (a-hydroxy alkaneimidoyl)samariumall) species is
generated in situ by treatment of a carbonyl compound with two equivalents of
samariurn(H) iodide in the presence of 2,6-xylyl isocyanide. Subsequent treat-
ment of water affords a-hydroxy imines, which are converted by acid-catalyzed
hydrolysis to the corresponding a-hydroxy aldehydes (Scheme 2,) .
  Scheme 2.
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    Chapter 2 describes a new stereoselective synthetic method for 2-amino
alcohols on the basis of (alkaneimidoyl)samarium(Ill) reagent. Preparation of
an isocyanide having a removable N-aromatic substituent was attempted. 4-
(tert-Butyldimethylsiloxy)-2,6-xylyl isocyanide, which was prepared from com-
mercially available 3,5-xylenol, underwent the samarium iodide-mecliated cou-
pling reaction with organic halides and carbonyl compounds. Reduction of the
reaction mixture with NaBH4 selectively afforded anti 2-(arylamino) alcohols,
which were then subjected to oxidative dearylation to the corresponding 2-(pri-
4
mary amino) alcohols via desilylation with TBAF followed by oxidation with
DDQ (Scherne 3.) . The synthesis of2-arnino alcohols presented a synthetic use-
fulness of the aromatic isocyanide as an arninomethylene equivalent. Finally, the
synthetic utility was demonstrated by total synthesis of a ceramide
Scheme 3.
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    Chapter 3 deals with preparation of a 13C-labeled isocyanide and its appli-
cation to the total synthesis of [2-13C]D-ribo-Cls-phytosphingosine. The under-
standing of structural features of biologically active compounds in solution is
required to gain insight into the bincling interaction between these molecules and
their cellular receptors. There has been great advancement of NMR spectros-
copy, particulariy in isotope-assisted techniques to elucidate the conformation of
such molecules in solution.5 This situation has created an increased peed for syn-
thetic methods of the incorporation of a 13C nuclide at desired positions of target
molecules with defined configurations.6,7 This chapter describes a tota1 synthesis
s
of the labeled phytosphingosine on the basis of the use of the isocyanide as a
1 3CH-NH2 precursor in the Sml2-mediated three-component coupling reaction,
wherein regio- and stereoselective incorporation of a 13C nuclide in the carbon
skeleton is achieved (Scheme 4.) .
Scheme 4.
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    Chapter 4 is concerned with a new method for the synthesis of
unsymmetrical a•-diketones. Autoxidation of a-hydroxy imines, prepared by
samarium(H) iodide-mediated three-cornponent coupling of an organic halide,
2,6-xylyl isocyanide, and a carbonyl compound, afforded the corresponding a-
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In chapter 5, (alkaneimidoyl)lanthanide(III) reagents and their reactions
with carbonyl compounds are described. It was found that organolanthanide re·
agents prepared in situ by rransmetallation reactions from alkyllithiums or
alkylmagnesiums undergo insertion reaction with isocyanide to' give
(alkaneimidoyl)lanthanide(lII) intermediates, The generation of the
(alkaneimidoyl)lanthanide(lIl) intermediates was performed by adding
alkyllithium to a mixture of an anhydrous lanthanide salt and 2,6-xylyl
isocyanide in tetrahydrofuran at -78°C. Among a series of lanthanide salts,
CeC13 effected the quantitative conversion of the isocyanide to afford an orange
solution of (alkaneimidoyl)cerium(III). Although LaCI3, Sm13, and Sm(OTf)3
were found to be highly reactive, multiple insertion of the isocyanide ensued.
(Alkaneimidoyl)cerium(III) could also be prepared by the reaction of
dialkylmagnesium with CeC13 and 2,6-xylyl isocyanide at -45°C. The
7
(alkaneimidoyl)cerium(In) thus prepared reacted with a carbonyl compound to
afford an addition producg i.e., an ct-hydroxy irnine (Scheme 6.) . The present
reactions for the preparation of (alkaneimidoyl)cerium(llI) provide a convement
synthetic equivalent to a nucleophilic acyllanthanide species with a wide varia-
tion for the acyl group. In the absence of lanthanide salt, the reaction of
alkyllithium with 2,6-xyly! isocyanide led to the nimerization of the isocyanide
to afford an indole derivatjve.
Scheme 6.
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Chapter 1
Synthesis of ct-Hydroxy Aldehyde by Samarillm(ll)
     Iodide-Mediated Coupling Reaction of
      Carbonyl Compounds and Isocyanide
Abstract
    A new strategy for the synthesis ef a-hydroxy aldehyde by samarium(II)
iodide-mediated coupling reaction of carbonyl cornpounds and isocyanide is clis-
closed. An (a-iminoalkyl)samarium(llI) species is generated in situ by rreatment
of an carbonyl compounds with two equivalents of sarriariumal) iodide in the
presence of 2,6-xylyl isocyanide. Subsequent treatment of water affords a-hy-
droxy imines, which are converted by acid-catalyzed hydro!ysis to the corre-
sponding a-hydroxy aldehydes,
10
    The synthesis of polyoxygenated natural products, such as macrolides and
ionophore antibiotics, has attracted considerable attention in recent years. Hy-
droxy aldehyde are particularly attractive intermediates because further elabora-
tion provides an expedient route to highly functionalized and stereochemically
cornplex polyoxygenated backbones. The aldol reaction, which produces a S-
hydroxy ketone, is a useful and straightforward process for constmcting a carbon
framework with oxygen functionality in a 1,3-relationship and has found numer-
ous synthetic applications.1 Synthetic access to or-hydroxy ketones has been pro-
vided most commonly by oxidation at the a-position of ketenes (or their enol de-
rivatives)2 and by addition of masked3 or unmasked4 acyl anion equivalents to
carbonyl compounds.
    Previous repoms from our laboratory5 and that of Walborsky6 have docu-
mented metalation of an isocyano carbon by ct-addition of organometallic com-
pounds to isocyanides. The resulting Ia-(iV-substituted imino)alkyl]metal com-
pounds can be utilized as synthetic equivalents of acyl anions. (or-
Scheme I
lix lt NC
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Iminoalkyl)samarium(lll) compounds especially have found useful and novel
synthetic applications.5c Herein, we report a new method of the synthesis of a-
hydroxy ketones by samarium(IJ) iodide-mediated coupling reaction of carbonyl
compounds and isocyanide as shown in Scheme 1.
Synthesis of a·Hydroxy Aldehydes7 by SmI2-Mediated Coupling of Ke·
tones and Isocyanide. Reduction of ketones by sarnarium(II) iodide in the pres-
ence of the isocyanide 1 afforded a-hydroxy aldimines 3 (Scheme II). The use of
an aldehyde in place of a ketone was unsuccessful, because of the rapid formation
of pinaco1.8 It has been reported that reduction of a carbonyl compound with
samarium(II) iodide in the presence of CH30D led mainly to the a-deuterated












3a R1 =R2 =Et 76%
3b R1, R2 = -{CH2)S- 66%







cussed Iater, we assurne that the reaction proceeds via an oxymethylsamarium(Ill)
intermediate, which adds to isocyanide. However, all attempts to trap the result-
ing (or-iminoa].kyl)samarium(llI) intermediate with carbonyl compounds failed,
probably because of steric effects. or-Hydroxy aldimines were converted to the
corresponding a-hydroxy aldehydes by alkylation of the irnino nitrogen with







          o
    HoxJlxH
PhCH2CH2 Me









                        Conclusions
    The samarium(H) iodide-mediated coupling reaction described here pro-
vides a new and convenient method for the synthesis of a variety of a-hydroxy
aldehyde. The reaction was found to have wide generality. The compatibility of
various functionalities with the reaction conditions fulfi11s the requirements for
the construction of multi-functional carbon ftameworks.
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Experimental Section
General. Column chromatography was perfonned with silica gel 60 (E.
Merck, Darmstadt), 23Q.-400 mesh. Preparative TLC was perfonned with silica
gel 60 PF254 (E. Merck, Dannstadt). IH and Be NMR spectra were acquired in
chloroform-d. Carbon chemical shifts were recorded relative to chlorofonn-d (0
77.0). Na2S04 was used to dry organic layers after extraction. All reactions ex-
cept for the hydrolyses of imines were performed under a dry nitrogen atmo-
sphere.
Unless otherwise noted, materials were obtained from commercial sources.
THF was distilled from LiAIH4, and HMPA from eaH2. 2,6-Xylyl isocyanide (2)
was prepared according to literature. IO A THF solution of samarium(II) iodide
was prepared according to the procedure of Kagan el ai. ll
3-[(2,6-Xylylimino)methyll-3-pentanol (33). To a mixture of samarium
metal (180 mg, 1.2 mmol) and 1,2-diiodoethane (282 mg, 1.0 mmol) at 0 °e was
added THF (12 mL), and the mixture was then stirred at 0 °e for 15 min and at rt
for 3 h. HMPA (0.6 mL, 3.4 mmol), 1(44 mg, 0.33 mmol), and 3-pentanone (43
mg, 0.50 mmo]) were added to the mixture. After the mixture stirred at rt for 8 h,
H20 (a drop), ether (10 mL), and hexane (20 mL) were added. Filtration through
a shon column of Florisil® followed by column chromatography on silica gel
pretreated with Et3N (ether: hexane = 1 : 10) gave 33 as a pale yellow oil (76%):
IR (neat) 3464, 1666 cm- l ; IH NMR 0 1.00 (t, J = 7.4 Hz, 6 H), 1.61-1.90 (m, 4
H), 2.13 (5,6 H), 4.3Q.-4.45 (br, 1H), 6.90-7.27 (m, 3 H), 7.65 (5, 1 H); BC NMR
& 7.8, 18.5,31.1,76.0, 124.0, 127.0, 128.1, 148.9, 170.6. Anal. Calcd for
14
CI4H2INO: C, 76.67; H, 9.65; N, 6.38. Found: C, 76.61; H, 9.79; N, 6.41.
1-[(2,6-Xylylimino)methyl]-1-cyclohexanol (3b). To a mixture of sama-
rium metal (180 mg, 1.2 mmol) and 1,2-diiodoethane (282 mg, 1.0 mmol) at 0 °C
was added THF (12 mL), and the mixture was then stirred at 0 °C for 15 min and
at rt for 3 h. HMPA (0.6 mL, 3.4 mmol), 1 (44 mg, 0.33 mmol), and cyclohex-
anone (49 mg, 0.50 mmol) were added to the mixture at -15°C, and stirring was
continued for 22 hat -15°C. A drop of H20, ether (10 mL), and hexane (20 mL)
were added. Filtration through a short column of Florisil® followed by column
chromatography on silica gel pretreated with Et3N (ether: hexane =1 : 3) gave 3b
as a pale yellow oil (66%): IR (neat) 3464, 1668 em-I; IH NMR 0 1.25-2.05 (m,
10 H), 2.09 (s, 6 H), 4.31 (br s, 1 H), 6.90-7.08 (m, 3 H), 7.71 (s, 1 H); BC NMR
o18.0,21.3, 25.2, 35.3, 72.3, 123.9, 126.8, 128.0, 148.8, 171.2. Anal. Caled for
CISH2INO: C, 77.88; H, 9.15; N, 6.05. Found: C, 77.93; H, 9.23; N, 6.08.
2-Methyl-4-phenyl-l-(2,6-xylylimino)-2-butanol (3c). By a procedure
similar to that for 3b, the title compound was obtained from Sm (180 mg, 1.2
mmol), 1,2-diiodoethane (282 mg, 1.0 mmol), HMPA (0.6 mL, 3.4 mmol), 1 (44
mg, 0.33 mmol), and 4-phenyl-2-butanone (74 mg, 0.50 mmol). IR (neat) 3452,
1670 em-I; IH NMR 0 1.50 (s, 3 H), 1.90-2.22 (m, 2 H), 2.16 (s, 6 H), 2.56-2.75
(m, 1 H), 2.84-3.04 (m, 1 H), 4.57 (br s, 1 H), 6.95-7.15 (m, 3 H), 7.16-7.38 (m,
S H), 7.75 (s, 1 H); BC NMR 0 18.3,26.0,30.2,41.7, 73.4, 124.1, 125.9, 126.9,
128.1, 128.3, 128.4, 142.0, 148.6,170.5. Anal. Calcd for CI9H23NO: C, 81.10; H,
8.24; N, 4.98. Found: C, 80.90; H, 8.38; N, 4.88.
3-Methoxy-17~- [(2,6-xyJylimino)methyl]estra-l,3,5(lO)-trien-17a-oJ
15
(3d). By a procedure similar to that for 3a, the title compound was obtained from
Sm (180 mg, 1.2 mmol), 1,2-diiocloethane (282 mg, 1.0 mmol), HMPA (0.6 mL,
3.4 mmo}), 1 (44 mg, 0.33 mmol), and 3-methoxyestra-1,3,5(1O)-trien-17-one
(126 mg, 0.44 mmol). The stereochemical assignment was based on the assump-
tion that the usual a-attack at C-17 of steroids occurred. [a]24o +29.4° (c 1.05,
acetone); IR (neat) 3424, 1660 em-I; IH NMR 0 1.10 (s, 3 H), 1.20--2.40 (m, 13
H), 2.15 (5,6 H), 2.80--3.00 (m, 2 H), 3.79 (5,3 H), 4.79 (hr S, 1 H), 6.66-6.77 (m,
2 H), 6.93-7.23 (m, 4 H), 7.98 (5, 1 H); 13C NMR 0 14.2, 18.4,23.7, 26.2, 27.5,
29.7, 33.3, 35.0, 39.3, 43.9, 47.5, 50.4, 55.1, 84.3, 111.5, 113.8, 124.0, 126.2,
127.1,128.1,132.2,137.8,148.9,157.5,170.2. Anal. Calcd for C2SH3SN02: C,
80.54; H, 8.45; N, 3.35. Found: C, 80.30; H, 8.55; N, 3.33.
2wHydroxy-2wmethyl-4-phenylbutanal (4c). A mixture of3c (44 mg, 0.16
mmol) and methyl triflate (60 mg, 0.47 mmol) in CH2Cl2 (5 mL) was stirred at rt
for 14 h, diluted with sat. aq NaHC03, and extracted with AcOEt. The organic
layer was washed with 0.1 N HCI and with sat. aq NaCI. Drying and evaporation
of solvent followed by gel penneation chromatography (CHC13) yielded the title
compound (97%). IR (neat) 3464, 1736 cm-I; IH NMR 01.35 (s, 3 H), 2.00 (t, J
=8.3 Hz, 2 H), 2.40--2.60 (m, 1 H), 2.68-2.88 (m, 1H), 3.27 (br s, 1 H), 7.10--7.40
(m, 5 H), 9.49 (s, 1 H); l3C NMR 022.8,29.5,39.0,77.8, 126.1, 128.3, 128.5,
141.2,203.3.
17a-Acetoxy-3-methoxyestra-l,3,5(10)wtriene-17~-carbaldehyde(4d).
To 3d (131 mg, 0.314 mmol) in 1HF (0.5 mL) were added Et3N (0.5 mL). a
catalytic amount of DMAP, and AC20 (150 mg, 1.47 mmol). The mixture was
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stirred at rt for !8 h, diluted with water, and extracted with Et20. Drying and
evaporation of solvent followed by column chromatography on silica gel (ether :
hexane = 1 : 5) yielded the corresponding acetate (849e): IH NMR 6 1.08 (s, 3 H),
1.20-1.70 (m, 6 H), 1.80-2,40 (m, 6 H), 1.98 (s, 3 H), 2.18 (s, 6 H), 2.85--2.95 (m,
2 H), 3.00-3,20 (m, 1 H), 3.78 (s, 3 H), 6,6zF7.26 (m, 6 H), 7.70 (s, 1 H); 13C
NMR 6 15.1, 19,2, 21.2, 24.2, 26,O, 27.6, 29.8, 32.1, 32.6, 38.9, 43.4, 46.3, 48.6,
55,2, 92.4, 111.6, 113,9, 123.7, 126,2, 127.1, 128.1, 132,2, 138D, 1502, 157.6,
168.9, 170.3. A mixture of the acetate (30 rng, 65 lmiol) and methyl triflate (50
mg, O.38 rnmol) in CH2C12 (3 mL) was stirred at rt for 1 d, diluted with sat, aq
NaHC03, and extracted with AcOEt. The organic layer was washed with O,1 N
HCI and with sat. aq NaCl. Drying and evaporation of solvent followed by col-
umn chromatography (ether : hexane = 1 : 5) yielded the title compound (959e).
rnp 125 OC ÅqEt20-hexane); [a]MD +30.70 (c O.90, acetone); IR (neat) 1734, 1726
cm-1; IH NMR 6 1.04 (s, 3 H), 1.30-2.45 (m, 12 H), 2,16 (s, 3 H), 2.61-2,81 (m, 3
H), 3.77 (s, 3 H), 6.63 (d,J= 2.6 Hz, 1 H), 6.70 (dd, J= 2.6, 8.4 Hz, 1 H), 7.15 (d,
J=8.4 Hz, 1 H), 9.54 (s, 1 H); 13C NMR6 14.7, 20.7, 24.2, 25.8, 27,3, 29.7, 30,7,
32.0, 38,6, 43,1, 47.1, 48.1, 55.2, 93.6, 111.5, 113.8, 126.2, 132.0, 137.9, 157.5,




(1) Review: (a) Evans, D. A.; Nelson, J. V.; Taber, T. Top. Stereochern. 1982,
13, 1. (b) Mukaiyama, T. In Organic Reactions, Vol. 28; Dauben, W. G.,
Ed.; John Wiley and Sons, Inc.; 1982; p 203. (c) Heathcock, C. H. In
Asymmetric Synrhesis; Morrison, 1. D., Ed.; Academic Press: New York,
1983; Vol. 3, Chapter 2.
(2) Takai, T; Yamada, T.; Rhode, 0.; Mukaiyama, T Chern. Lett. 1991,281
and references cited therein.
(3) Ager, D. J. In Urnpoled Synrhons; Hase, T. A. Ed.; Wiley: New York,
1987; p 19.
(4) (a) Seyfenh, D.; Weinstein, R. M.; Wang, W. L. J. Org. Chern. 1983,48,
1144. (b) HUre, T.; Morita, Y.; Inoue, T.; Kambe, N.; Ogawa, A.; Ryu, I.;
Sonoda, N. J. Am. Chern. Soc. 1990,112,455. (c) Collin, 1.; Namy, L.-L.; .
Dallemer, F.; Kagan, H. B. J. Org. Chern. 1991,56,3118.
(5) (a) Murakami, M.; Ito, H.; Ito. Y. J. Org. Chern. 1988, 53, 4158. (b)
Murakami, M.; Ito, H.; Bakar. W. A. W. A.; Baba, A. B.; Ito. Y. Chern.
Lett. 1989, 1603. (c) Murakami, M.; Kawano, T; Ito, Y. J. Am. Chern.
Soc. 1990,112,2437.
(6) (a) Niznik, G. E.; Morrison, W. H.; Walborsky. H. M. J. Org. Chem.1974,
39, 600. (b) Marks, M. J.; Walborsky, H. M. J. Org. Chern. 1981, 46,
5405. (c) Marks, M. J.; Walborsky, H. M. J. Org. Chern. 1982,47,52.
(7) For syntheses of a-hydroxy aldehydes, see Adamczyk, M.; Dolence, E. K.;
Watt, D. S.; Christy, M. R.; Reibenspies, 1. H.; Anderson, O. P. J. Org.
Chern. 1984,49, 1378 and references cited therein.
18
(8) Namy, J. L.; Souppe, 1.; Kagan, H. B. Tetrahedron Lett. 1983,24, 765.
(9) Kagan, H. B.; Narny, J. L.; Girard, P. Tetrahedron 1981,37 (Supple), 175.
(10) Ugi, I.; Meyer, R. In Organic Synthesis; Wiley: New York, 1973; Collect
Vol. 5, p. 1060.
(11) Girard, P.; Namy, J. L.; Kagan, H. B. J. Am. Chern. Soc. 1980, 102,2693.
19
Chapter 2
Stereoselective Synthesis of 2-Amino Alcohols
by Use of an Isocyanide as an Aminomethylene Equivalent
Abstract
Preparation of an isocyanide having a removable N-substituent and its ap-
plication to the stereoselective synthesis of 2~amino alcohols are described. 4-
(tert-Butyldimethylsiloxy)-2,6-xylyl isocyanide was prepared from commer-
cially available 3,5-xylenol. The isocyanide underwent the samarium iodide-me-
diated coupling reaction with organic halides and carbonyl compounds. Reduc-
tion of the reaction mixture with NaBl4 selectively afforded anti 2-(arylamino)
alcohols, which were then deprotected to the corresponding 2-(primary amino)
alcohols via desilylation with TBAF followed by oxidation with DDQ. A
ceramide was successfully synthesized by use of the present stereoselective syn~
thetic method for 2~amino alcohols, demonstrating a new synthetic utility of the
isocyanide as an aminomethylene equivalent.
20
Carbon monoxide inserts into carbon-metal bonds and can therefore be uti-
lized as a useful carbonyl synthon in a variety of carbonylation reactions.!
Isocyanides, nitrogen analog of carbon monoxide in terms of electronic structure,
are also known to undergo insertion into carbon-metal bonds. For synthetic pur-
poses, the resulting (a.-iminoalkyl)metal compound is reacted with electrophiles
to produce imines, which are then converted to the corresponding carbonyl com-
pounds via acid-catalyzed hydrolysis of the imino group.2 Consequently, the ni-
trogen atom is lost, the isocyanide being used as a masked carbonyl synthon. It
would give the isocyanide additional synthetic value, one inaccessible from car-
bon monoxide, if the imino group of the product could be unmasked without the
loss of the nitrogen atom. A feasible approach along this line would involve syn-
thetic elaborations of the imine with reduction to a secondary amine and subse-
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(Scheme I). Although intrinsic, the synthetic utilization of the isocyanide as an
arninomethylene equivalent has not yet been well exploited.
    Recently, we reported2fh the samarium(ID iodide-mediated3 three-compo-
nent coupling of an organic halide, 2,6-xylyl isocyanide and a carbonyl com-
pound, which gives rise to an a-hydroxy imineL Hepein, we report prepa;ation of
an isocyanide having a removable N-substituent,4 which is applicable to the
stereoselective synthesis of2-amino alcohols.5 The synthesis ofceramide (11), of
current interest in terms of its biological activities,6,7 is also described.
    Oxidative Removal of a 4-Oxy-2,6-xy]yl Substitllent of an Amine. The
4-(methoxy)phenyl group has been used for protection of amide nitrogens in P-
lactam synthesis, where it is oxidatively removed.8 Taking into account that the
2,6-disubstituted phenyl group is suitable for the N-substituent of the isocyanide
utilized in the samarium(II) iodide-mediated three•-component coupling
reaction,2h the possibilities of the oxidative cleavage of 4-oxy-2,6-xylidine de-
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nitrate (CAN) as an oxidant, la and lc were deprotected to afford ainine 3 in
moderate yield (66% and 569o, respectively)9 whereas the reac tion of lb was very
slow. When 2,3-dSchloro-5,6-dicyano-1,4-benzequinone (DDQ) was used as an
oxidant, la and lb gave a complex mixture.10 Facile deprotection was achieved
with the 4-hydroxyxylidine derivative lc; upon treatment with an equimolar
amount of DDQ at O OC for 15 min, lc was converted to quinone monoimine 2
and, after removal of the resulting DDHQ by filtration, an acid-catalyzed hydroly-
sis of the fi1trate afforded the deprotected amine quantitatively. Furthermore, the
4-hydroxy derivative lc was readily obtained by desilylation of the 4-siloxy de-
rivative lb with terrabutylammonium fluoride (TBAF). These experiments dis-
closed that the 4-(tert-butyldimethylsiloxy)-2,6-xylyl substituent of an amine can
be easily removed by desilylation and subsequent oxidation with DDQ
Scheme In



















Synthesis of 2-Amino Alcohols. On the basis of the preliminary studies
mentioned above, 4~(tert-butyldimethylsiloxy)-2,6-xylyl isocyanide (4) was pre-
pared from commercially available 3,5~xylenol as shown in Scheme III.
Next, the samarium(II) iodide~mediated three~component coupling reaction
with isocyanide 4 and subsequent oxidative N~dearylation to the corresponding 2~
amino alcohol were examined.. Following the protocol reported previously,2h 4
successfully coupled with an organic halide and a carbonyl compound. The re~
suIting reaction mixture was reduced in situ with various hydride reducing agents.
Whereas reduction with stereodemanding L-Selectride® was sluggish, only poor
selectivities were obtained by use of LAH, NaBH3CN, and NaBH(OAch. In
Table I. Stereoselective Syntheses of 2-Amino Alcohols from
Organic Halides, 4, and Aldehydes
R1-X 2 Sml2 Ar....... R2_CHO
Ar......N"Smx2\
+ ~ N... I' R'JYOAr-NC THF·HMPA psmx2~15°C,3h ~15 °CR1 30 min R24
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~ R1-"Y + syn-5 • R1~ + syn-6
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a lsolated yields based on aldehydes. b lsolated yields based on 5.
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contrast, NaBl-4, one of the simplest of hydride agents, exhibited good selectivity
favoring ami-5. Notably, the stereochemical outcome was influenced by the addi-
tion of alcohols to the mixture as a co-solvent and, in panicular, 2-propanol im-
proved the selectivity significantly in some cases. The syntheses of a variety of 2-
(arylamino) alcohols 5 by use of NaBl-4 are summarized in Table I.
Next, the 2-(arylamino) alcohols 5 thus obtained with good stereoselection
were deprotected via desilylation with TBAF followed by oxidation with DDQ to
afford the corresponding 2-(primary amino) alcohols 6 in high yield (Table I).
For assignment of the stereochemistry, the 2-amino alcohols 5 were con-
verted to the 1,3-oxazolidin-2-ones 7 by treatment with triphosgene. The cis-
relationship of the vicinal 4- and 5-protons of 7 was elucidated based on their 1H
NMR coupling constants (J4_S).5b,d.ll The major isomer shows a coupling con-
stant of 6.9-7.8 Hz which suggests a cis-arrangement, while that of the minor
isomer is 5.8-5.9 Hz (Table II). Both 4- and 5-protons of cis-isomers resonate at
lower field than those of trans-isomers. The stereochemical assignment of7a and
7d was confirmed by NOE experiments.
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   Synthesis ef a Ceramide. Glycosphingolipids are constituents of cell
membranes and play biologically important roles,6 which have stimulated inter-
ests in their synthesis.7 The present stereoselective synthetic method for 2-amino
alcohols was next applied to the synthesis of a ceramide, the hydrophobic skeleton
27
of glycosphingolipids. The a-oxy irnine, prepared by coupling of benzyl
chloromethyl ether, the isocyanide 4 and 2-hexadecenal, was reduced in situ by
NaBH4 to give the corresponding anti-2-ainino alcohol 8 stereoselectively (91 :
9). Then, a palmitoyl group was temporarily introduced onto the allylic hydroxyl
group for protection against oxidation in the following step. Desilylation of 9 with
TBAF followed by oxidative removal of the aryl group gave a primary amine.
Scheme IV
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Notably, successive treatment of the crude arnine with a catalytic amount of 4-
(dimethylamino)pyridine prornoted migration of the palmitoyl group from the al-
ly]ic oxygen to The primary amino group affording the amide 10. Finally, the
benzyl group was removed by Birch reduction to give the (Å})-ceramide 11.7a
Thus, a convenient and general synthetic route to ceramides was established.
    Interpretation of Stereochemical Outcome. The a-hydroxy imine 12
crystallized in orthorhombic form from hexane. X-ray diffraction study12 re-
vealed a conformation involving intramolecular hydrogen bonding13 (Figure 1).
The 2,6-xylyl group is oriented away from the hydroxyl group and is almost per-
pendicular to the imino plane. As mentioned in the previous report,2h the i3C
NMR spec tra of a-hydroxy imines show only one set of signals for the carbons in
the 2,6-xylyl group; with a-hydroxy imines derived from symmetrical ketones,
five signals are observed for the eight carbons in the 2,6-xylyl group due to expe-
riencing magnetic equivalence. On the other hand, a-hydroxy imines which are
derived from aldehydes and consequently have an asymmenic center in the mol-
ecule exhibit magnetic non-equivalence of the eight carbons in the 2,6-xylyl
group. This magnetic behavior is consistent with the presence of intramolecular
hydrogen bonding in solution as well as in the crystalline state.
     Considering the Lewis acidity of sarnariurnalD, one might expect that the
intermediary samarium(III) alkoxide takes an analogous conformation involving
5-rnembered chelation instead of the hydrogen bonding,i4 On the basis of this
conforrnation, the stereoselection observed in the hydride reduction is reasonably
attributed to the artack of hydnde from the less-hindered side of the 5-mernbered
ring.
     Lanthanide(III) ions, being frequently used as shift reagents, are well known
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Figure 1. Top: Single crystal structure of a-hydroxy imine 12 (359e
      probability eliipsoids). Selected bond lengths (A): Ol--Hl,
      O.97(3); N2-Hl, 1.83(3); N2-C17,1.276(2).
      Bottom: Proposed course of hydride attack.
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to bind to a]cohols.15 In addition, lanthanide ions catalyze the reactiQn of NaliSH4
with alcohols to give sodium allcoxyborohydrides,16 which are more reactive than
NaBH i.17 Although the precise species involved in the present reduction is un-
clear, alcohol complexation with samariurn(Ill) ion and!or formation of sodium
alkoxyborohydrides are probably responsible for the effect of the alcohol co-sol-
vents on the stereoselectivity.
                          Conclusions
    The present stereoselective synthesis of 2-amino alcohols frorn alkyl ha-
lides, the isocyanide 4 and aldehydes demonstrates an intrinsic synthetic utility of
the isocyanide as an aminomethylene equivalent. In addition, two step removal of
the 4-(siloxy)ary1 group of an amine will provide new procedures of Teductive and
alkylative ami"ation of carbony] compounds, which are now under investigation
in our laboratory.
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                       Experimental Section
     General. Colurnn chrornatography was performed with silica gel
(Wakogel C-200). Preparative TLC was performed with silica gel 60 PF2s4 (E.
Merck, Dannstadt). iH and 13C NMR spectra were acquired in chloroforrn-d.
Where appropriate, NMR data only for the major stereoisomer are described.
Na2S04 was used to dry organic layers after extraction. All reactions were per-
formed under a dry nitrogen atmosphere.
     Unless otherwise noted, materials were obtained from commercial sources
and purified appropriately. THF was distiIled from sodiurn diphenyl ketyl, DMF,
CH2C12 and HMPA from CaH2, and toluene from LiAIH4. 2-Hexadecenal was
prepared by the literature procedure.i8
     4-(tert-Butyldimethylsiloxy)-2,6-xylyl Isocyanide (4). A mixture of 4-
amino-3,5-xylenol (5.7 g, 41.5 mmol), prepared from 3,5-xylenol by the literature
pTocedure,19 and formic acid (1 1 mL) in toluene (80 mL) was heated at reflux for
3 h in Dean-Stark apparatus. On cooling, white solids precipitated. After
filteration, the solids were washed with water and toluene, and dried to give crude
4-(formamido)-3,5-xylenol (5.7 g, 839o).
    To a mixture of 4-(formamido)-3,5-xylenol (5.7 g, 34.5 mmol) and tert-
butylchlorodimethylsilane (7.8 g, 52 mmol) in DMF (40 mL) was added Et3N
(1O,5 g, 104 mmol). The mixture was stirred at rt for 20 h, diluted with water, and
extracted with ether. Fi]tration of the organic layer through a short column of
silica gel followed by recrystallization from ether-hexane gave N-forrnyl-4-(tert-
butyldimethylsiloxy)-2,6-xylidine (7.1 g, 74%).
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    A so!ution of trichloromethyl chloroformate (1.6 mL, 13.3 mmol) in
CH2C12 (10 mL) was added to N-forrnyl-4-(tert•-butyldimethylsiloxy)-2,6-xyli-
dine (2,58 g, 9.23 mrnol) in CH2C12 (8 mL) and Et3N (9 mL) at -78 OC over 1 h.20
The mixture was srirred at -78 OC for an additional 1 h, allowed to warrn to rt,
diluted with aq. NH3, stirred for 2 h, extracted with ether, and washed with sat aq.
NaCl. The title compound was obtained by vacuum distiIIation (2.08 g, 869o): bp
107 eC (O.35 mmHg). iH NMR 5O.20 (s, 6 H), O.97 (s, 9 H), 2,36 (s, 6H), 655 (s,
2 H); 13C NMR 5 -L4.4, 18,2, 19.0, 25.6, 119.1, 120.3 (t, lc.N = 12.5 Hz), 136.4,
155.5, 166.3. Anal. Calcd for ClsH23NOSi: C, 68.91; H, 8.87; N, 5.36. Found: C,
68.67; H, 8.97; N, 5.20.
     4-[4-(tert-Butyldimethylsiloxy)-2,6-xylyllamino-6•-phenyl-3-hexanol
(5a). A mixture of samariurn powder (180 mg, 1.2 mmol) and 1,2-diiodoethane
(282 mg, 1,O mmol) in THF (12 mL) was stirred at rt for 2 h. HMPA (O.6 mL, 3.4
mmol)21 was added and, after the reaction mixture was cooled to -15 eC, 4-(tert-
butyldimethylsiloxy)-2,6-xylyl isocyanide (4, 105 mg, O.40 mmo!) and (2-
bromoethyl)benzene (93 mg, O.50 rnmol) were successively added, The reaction
mixture was stirred for 2 h and propionaldehyde (18 mg, O.31 mmol) was added.
Stirring was continued for an additional 30 min and then 2-propanol (1 mL) and
NaBH4 (100 mg, 2.6 mmol) were added. The mixture was stiiTed for 16 h at -15
 OC, diluted with water (3 drops) and hexane (30 mL);and filtered through a short
 column of Florisil. The fi1trate was subjected to preparative 'ILC (ether : hexane
 = 1 : 3) to afford the title compound 5a as an oil (123 mg, 939o): IH NMR6O.18
 (s, 6 H), O.93 (t, 1= 7.5 Hz, 3 H), O.98 (s, 9 H), 1.35-155 (m, 2 H), 1,65-1.95 (rn,
 2 H), 2.22 (s, 6H), 2,45-2.70 (m, 1 H), 2.75-2.95 (m, 1 H), 3.16 (ddd, J=2.9, 4.9,
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7.8 Hz, 1 H), 3.4tF3.60 (m, 1 H), 6.50 (s, 2 H), 7,06-7.32 (m, 5 H); i3C NMR s -
4.4, 10.7, 18,1, 19.2, 25,7, 26.1, 32.2, 329, 59.5, 74.0, 120.3, 125.7, 128.3, 130.4,
138.1, 142.1, 149.8. Anal. Calcd for C26H41N02Si: C, 73.02; H, 9.66; N, 3.27.
Found: C, 72.76; H, 9.86; N, 3.21.
   4-[4-(tert-Butyldimethylsiloxy)-2,6-xylyl]amino-1-phenyl-3-hexanol
(5b). By a procedure similar to that for 5a, the title compound was obtained from
bromoethane, 4, and 3-phenylpropanal (839e): iH NMR 5 O.19 (s, 6 H), O.89 (t, J
= 7.4 Hz, 3 H), O.99 (s, 9 H), 1.38-1.56 (m, 2H), 1.65-1.80 (m,2 H), 2.24 (s, 6H),
2.40-3.00 (m, 4 H), 3.08 (dt, J= 3.4, 6.8 Hz, 1 H), 3.60-3.72 (m, 1 H), 6.50 (s, 2
H), 7.15-7.35 (m, 5 H); 13C NMR 6 -4.4, 11.1, 18.1, 192, 23.7, 25.7, 32.7, 34.3,
62.6, 71.3, 120.2, 125,9, 128.4, 130.8, 137,9, 142,O, 150.0. Anal. Calcd for
C26H41N02Si: C, 73.02; H, 9.66; N, 3.27. Found: C, 72.76; H, 9.38; N, 3.24.
   4-[4-(tert-Butyldimethylsiloxy-2,6-xylyl]amino-5-methyl-3-hexanol
(5c). By a procedure similar to that for 5a, the title compound was obtained from
2-iodopropane, 4, and propionaldehyde (989o): IH NMR 6 O.16 (s, 6 H), O.92-
1.03 (m, 18 H), 1.26-1.64 (m, 2 H), 1.85-2.10 (m, 2 H), 2.25 (s, 6 H), 2.87-3.18
(br, 1 H), 3.14 (t,J= 5.0 Hz, 1 H), 3.41-3.61 (m, 1 H), 6.47 (s, 2 H); 13C NMR S
-45, 10.7, 18.1, 19.0, 19.4, 212, 25.7, 26.1, 30.1, 64.1, 74.4, 120.5, 128.7, 139.1,
149,1. Anal, Calcd for C21H3gN02Si: C, 68.99; H, 10.75; N, 3.83. Found: C,
68.72I H, 10.54; N, 3.89.
   4-[4-(tert-Butyldimethylsiloxy)-2,6-xylyl]amino-2-methyl-3-hexanol
(5d). By a procedure similar to that for 5a except for the absence of 2-propanol,
the title compound was obtained from bromoethane, 4, and 2-methylpropanal
                       sc
(91 %): IH NMR B0.17 (5,6 H), 0.81 (d,] =6.8 Hz, 3 H), 0.95 (d,] =6.7 HZ,3 H),
0.98 (s, 9 H), 1.08 (d,] = 7.3 Hz, 3 H), 1.39-1.75 (m, 3 H), 2.25 (s, 6 H), 3.06-3.21
(m,2H),6.49(s,2H); 13C NMR 0,-4.5, 11.6, 18.1, 19.1, 19.6,22.2,25.7,31.1,
59.5, 76.3, 120.2, 130.2, 138.6, 149.5. Anal. Calcd for C21H39N02Si: C, 68.99;
H, 10.75; N, 3.83. Found: C, 68.94; H, 10.76; N, 3.72.
1~ [1- [4 ~ (tert~B u tyldi methylsiloxy)~2,6~xylyllami no~3~
phenylpropyl}cyclohexanol (5e). By a procedure similar to that for Sa except for
the absence of 2-propanol, the title compound was obtained from (2-
bromoethyl)benzene, 4, and cyclohexanone (97%): IH NMR 0, 0.22 (s, 6 H), 1.02
(s, 9 H), 1.40-2.15 (m, 12 H), 2.15-2.38 (m, 1 H), 2.26 (s, 6 H), 2.44-2.61 (m, 1
H), 3.07 (dd,] == 2.6, 8.1 Hz, 1H), 3.20-3.60 (br, 1 H), 6.55 (s, 2 H), 6.85-6.93 (m,
2 H), 7.10-7.25 (m, 3 H); 13C NMR 0, -4.4, 18.2, 19.5,21.5,22.1,25.7,26.1,32.0,
33.9, 34.9, 35.4, 63.6, 72.9, 120.6, 125.7, 128.18, 128.22, 129.3, 138.9, 141.8,
149.7. Anal. Calcd for C2914SN02Si: C, 74.46; H, 9.70; N, 2.99. Found: C,
74.39; H, 9.71; N, 2.90.
4-N~(Benzyloxycarbonyl)amino.6.phenyl·3-hexanol (6a). To Sa (62 mg,
0.145 mmol) in THF (0.5 mL) was added TBAF (1 Min THF, 0.2 mmol). The
reaction mixmre was stirred for 1 hat n, and then filtered through a short column
of silica gel. After evaporation of volatiles, the residue was dissolved in CH2Ch
(1 mL), to which DDQ (33 mg, 0.145 mmol) was added at 0 0c. The mixture was
stirred for 30 min, filtered through Celite, evaporated, dissolved in MeOH (l roL)
and aq. HCl (0.1 M, 0.5 mL), and stirred at rt for 10 h. Saturated aq. Na2C03 (0.5
mL) and benzyl chlorofonnate (120 mg, 0.70 romol) were added to the mixture at
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o°C. The mixture was allowed to warm up to rt over 10 h. Extraction with ether
followed by column chromatography (ether: hexane = 1 : 1) gave 6a (47 mg,
99%): IH NMR 80.94 (t, J = 7.3 Hz, 3 H), 1.35-1.52 (m, 2 H), 1.65-1.95 (m, 2
H), 2.08 (brd,J =4.9 HZ,I H), 2.50-2.85 (m, 2H), 3.45-3.80 (m, 2 H), 4.95-5.05
(m, 1 H), 5.12 (s, 2 H), 7.05-7.45 (m, 10 H); BC NMR 0 10.3,26.2, 30.8, 32.5,
55.1, 66.9, 76.0, 125.9, 128.1, 128.2, 128.3, 128.4, 128.5, 136.4, 141.6, 156.7.
Anal. Calcd for CZOH25N03: C, 73.37; H, 7.70; N, 4.28. Found: C, 73.38; H,
7.88; N, 4.13.
The syntheses of 6b-e were carried out according to the above procedure.
4-N-(Benzyloxycarbonyl)amino-l-phenyl.3.hexanol (6b). IH NMR 0
0.94 (t. J =7.3 Hz, 3 H), 1.25-1.80 (m, 4 H), 2.36 (brd, J =5.2 Hz, 1 H), 2.65 (dt,
J = 13.8, 8.2 Hz, 1 H), 2.89 (dt, J = 13.8, 6.9 Hz, 1 H), 3.47-3.79 (m, 2 H), 4.70-
4.93 (m, 1 H), 5.11 (5,2 H), 7.14-7.40 (m, 10 H); 13C NMR 0 -4.4,11.1, 18.1,
19.2,23.7,25.7,32.7,34.3,62.6, 71.3, 120.2, 125.9, 128.4, 130.8, 137.9~ 142.0,
150.0. Anal. Ca1cd for C20H25N03: C, 73.37; H, 7.70; N,4.28. Found: C, 73.12;
H, 7.66; N, 4.25.
4.N-(Benzyloxycarbonyl)amino-S-methyl-3-hexanol (6c). IH NMR 0
0.89-1.04 (m, 9 H), 1.25-1.65 (m, 3 H), 1.85-2.03 (m, 1 H), 3.45-3.65 (m, 2 H),
4.60-4.75 (hr, 1H), 5.11 (s, 2 H), 7.30-7.40 (m, 5 H); 13CNMRo 10.3,17.7,20.3,
25.7, 28.3,60.5,67.0, 74.2, 128.1, 128.2, 128.5, 136.4, 157.2. AnaL Calcd for
CISH23N03: C, 67.90; H, 8.74; N, 5.28. Found: C, 67.75; H, 8.51; N, 5.27.
4.N-(Benzyloxycarbonyl)amino-2-methyl.3.hexanol (6d). IH NMR 0
O.8~L04 (m, 9 H), 1.25-1.50 (m, 1 H), 1.52-1.90 (m, 3 H), 3.29 (dd, J = 3.3,8.0
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Hz, 1 H), 3.61-3.77 (m, 1 H), 4.95-5.10 (br, 1 H), 5.11 (s, 2 H), 7.30-7.40 (m, 5
H); 13CNMR610.6, 18.9,19.0,21.0,30.8,54.6,66.6,79.8,128.0,128.1,128.5,
136.6, 156.4. Anal. Calcd for ClsH23N03: C, 67.90; H, 8.74; N, 5.28. Found: C,
67.67; H, 8.72; N, 5.23.
1-[1-N-(BenzyloxycarbonyI)amino-3-phenylpropyl]cyclohexanot (6e).
IH NMR 81.1-1.8 (m, 12 H), 1.88-2.10 (m, 1 H), 2.53-2.85 (m, 2H), 3.63 (dt,]
= 2.6, 10.6 Hz, 1 H), 4.90-5.25 (m, 1 H), 7.10-7.45 (m, 10 H); l3C NMR 6 21.7,
21.8,25.5,31.0,32.7,34.5,34.8,58.2,66.8, 73.5, 125.8, 127.99, 128.05, 128.3,
128.5, 136.6,142.0,157.0. Anal. Calcd for C23H29N03: C, 75.17; H, 7.95; N,
3.81. Found: C, 75.09; H, 7.89; N, 3.85.
Preparation of 1,3-0xazolidin-2-ones 7. To a mixture of 2-(arylamino)
alcoholS (0.5 mmol) and i-Pf2EtN (0.2 mL) in CH2Cl2 (0.5 mL) at 0 °C was
added triphosgene (0.3 mmol). The reaction mixture was stirred at 0 °C for 2 h
and then at rt overnight. After the addition of aqueous NH.40H (30%,0.5 mL), the
mixture was extracted with ether, dried, and subjected to column chromatography
to give 7 (80-90 %). 7a: IH NMR 60.20 (s, 6 H), 0.98 (s, 9 H), 1.14 (t,J = 7.3 Hz,
3 H), 1.60-2.00 (m, 4 H), 2.07 (s, 3 H), 2.24 (s, 3 H), 2.41 (t, J = 8.1 Hz, 2 H), 4.12
(q,] = 7.4 Hz, 1H), 4.56 (ddd,] = 7.4,4.6,3.3 Hz, 1 H), 6.54-6.60 (m, 2 H), 6.90-
6.97 (m, 2 H), 7.16-7.30 (m, 3 H). 7b: IH NMR 60.19 (s, 6H), 0.73 (t,] =7.4 Hz,
3 H), 0.97 (s, 9 H), 1.20-1.70 (m, 2 H), 1.80-2.20 (m, 2 H), 2.17 (s, 3 H), 2.21 (s,
3 H), 2.70-3.15 (m, 2 H), 4.05 (ddd, J =9.2,7.8,5.0 Hz, 1 H), 4.64 (ddd, J = 11.2,
7.8, 2.3 Hz, 1 H),6.50-6.59(m,2H),7.15-7.40(m, 5 H). 7c: IHNMR60.18(s,
6 H), 0.54 (d,] = 6.5 Hz, 3 H), 0.87 (d,] = 6.5 Hz, 3 H), 0.97 (s,9 H), 1.15 Ct,] =
37
7.2 Hz, 3 H), 1.70-2.00 (m, 3 H), 2.18 (s, 3 H), 2.26 (s, 3 H), 3.91 (dd, J =9.1,6.9
Hz, 1 H), 4.48 (ddd, J = 10.1, 6.9, 3.3 Hz, 1 H), 6.50--6.59 (m, 2 H). 7d: IH NMR
00.18 (s, 6 H), 0.75 (t,1 = 7.4 Hz, 3 H), 0.96 (s, 9 H), 1.02 Cd,1 = 6.6 Hz, 3 H), 1.17
(d,) =6.5 Hz, 3 H), 1.51-1.95 (m, 2 H), 2.00-2.18 (m, 1 H), 2.20 (s, 3 H), 2.24 (s,
3 H), 3.89 (q, J = 7.3 Hz, 1 H), 4.37 (q, J = 7.3 Hz, 1 H), 6.50--6.57 (m, 2 H).
(E)-I- Benzyloxy-2-[4-(tert-butyldimethylsiloxy)-2,6-xylyl]amino-
octadec-4-en-3-ol (8). By a procedure similar to that for Sa, the title compound
was obtained from benzyl chloromethyl ether, 4, and 2-hexadecenal (85%): IH
NMR B0.19 (s, 6 H), 0.90 (t, J =6.8 Hz, 3 H), 0.99 (s, 9 H), 1.20-1.44 (hr, 22 H),
2.03 (q,1 =6.6 Hz, 2 H), 2.24 (s, 6 H), 3.13 (q,) =3.4 Hz, 1H), 3.22 (d,)=9.1 Hz,
1 H), 3.50 (dd, J = 3.4, 9.3 Hz, 1 H), 3.71 (dd, J = 2.9, 9.3 Hz, 1 H), 4.23-4.35 (m,
1H), 4.38 (d, J = 11.8 Hz, 1 H), 4.49 (d, J = 11.8 Hz, 1 H), 5.50 (dd, J = 5.4, 15.4
Hz, 1 H), 5.65-5.85 (m, 1 H), 6.50 (s, 2 H), 7.25-7.42 (m, 5 H); 13C NMR 0 ~4.4,
14.1, 18.1, 18.8, 22.7, 25.7, 29.2, 29.3, 29.5, 29.6, 29.7, 31.9, 32.3, 60.0, 70.4,
73.8, 73.9, 120.0, 127.7,127.9, 128.4, 130.2,131.1, 132.1, 137.5, 137.7, 150.1.
Anal. Caled for C39H65N03Si: C, 75.06; H, 10.50; N, 2.24. Found: C, 74.92; H,
10.30; N, 2.35.
(E)-1-Benzyloxy-2-[4-(tert-butyldimethylsiloxy)-2,6-xylyl]amino-3-
(palmitoyloxy)octadec-4-ene (9). To a mixture of 8 (72 mg, 0.12 mmol), EtgN
(0.5 mL, 3.6 mmol), and 4-(dimethylamino)pyridine (5 mg, 0.04 mmol) in
CH2Cb (0.5 mL) was added palmitic anhydride (200 mg, 0.4 mmol). The reac-
tion mixture was stirred at rt overnight and then subjected to column chromatogra-
phy (ether: hexane =1 : 10) to give 9 (89 mg, 90%): IH NMR 0 0.16 (s, 6 H), 0.89
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(t, J =6.8 Hz, 6 H), 0.97 (s, 9 H), 1.26 (br s, 46 H), 1.45-1.65 (m, 2 H), 2.02 (q, J
= 6.2 Hz, 2 H), 2.19 (s, 6 H), 2.10-2.25 (m, 2 H), 3.10-3.20 (br, 1 H), 3.25-3.50
(m,3 H), 4.41 (d, J = 12.0 Hz, 1 H), 4.48 (d, J = 12.0 Hz, 1 H), 5.44--5.62 (m, 2 H),
5.77 (dt, J = 14.6, 6.2 Hz, 1 H), 6.47 (s, 2 H), 7.25-7.40 (m, 5 H); l3C NMR 0-4.4,
14.1, 18.1, 18.8,22.7,24.9,25.7,28.9,29.17,29.22,29.3,29.5, 29.7, 31.9, 32.4,
34.5,59.2,68.8,73.2,74.4,120.1,125.1, 127.5,127.6,128.3,130.6,135.6,137.8,
138.1, 149.9, 172.6. Anal. Calcd for CSSH9SN04Si: C, 76.60; H, 11.10; N, 1.62.
Found: C, 76.85; H, 11.29; N, 1.53.
(E)-1-Benzyloxy-2-palrnitarnidooctadec-4-en-3-ol (10). To 9 (43 mg,
0.05 mmol) in THF (0.5 mL) was added TBAF (l M in TI-IF, 0.08 mmol). The
reaction mixture was stirred for 30 min at rt, and then filtered through a short
column of silica gel. After evaporation of volatiles, the residue was dissolved in
CH2Cl2 (0.5 mL), to which at 0 °C was added DDQ (12 mg, 0.05 mmol). The
mixture was stirred for 30 min, fIltered through Celite, evaporated, dissolved in
MeOH (l mL) and aq. HCl (0.1 M, 0.2 mL), and stirred at rt for 6 h. Saturated
aqueous Na2C03 (0.5 mL) was added and the mixture was extracted with AcOEt,
dried and evaporated. To the residue were added CH2Ch (0.5 mL), Et3N (0.5 mL,
3.6 mmol), and 4-(dimethylamino)pyridine (5 mg, 0.04 mmol). The mixture was
stired at reflux for 2 d, evaporated, and subjected to column chromatography
(CHCI3) to afford 10 (20 mg, 77%): IH NMR 00.88 (t, J =6.2 Hz, 6 H), 1.25 (br
s, 46 H), 1.50-1.70 (m, 2 H), 2.01 (q, J =6.3 Hz, 2 H), 2.19 (t, J =7.3 Hz, 2 H),
3.32 (d, J =8.4 Hz, 1 H), 3.61 (dd, J =9.6,2.9 Hz, 1 H), 3.80 (dd, J =9.6,3.1 Hz,
1 H), 3.98-4.24 (m, 2 H), 4.44 (d, J = 12.0 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H),
5.44 (dd, J =15.7,5.9 Hz, 1 H), 5.73 (dt,J =15.7,6.3 Hz, 1 H), 6.16 (d,J =7.8 Hz,
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1 H), 7.25-7.40 (m, 5 H); l3C NMR 014.1,22.7,25.8,29.19,29.25,29.30,29.4,
29.5,29.67,29.72,31.9,32.3,36.9,52.7,70.0,73.7, 74.3,127.9,128.1,128.6,
129.1, 133.4, 137.3, 173.3. Anal. Calcd for CnH73N03: e, 78.41; H, 11.72; N,
2.23. Found: C, 78.12; H, 11.71; N, 2.22.
(E)-2-Palmitamidooctadec·4.ene·l~·diol (11). To lithium (4.5 mg, 0.65
mmol) in liquid NH3 at -78°C was added 10 (12 mg, 19 flIllOI) in TIIF (0.5 mL).
After the reaction mixture was stirred at -78°C for 2 h and at -40 °e for 4 h,
NH4Cl and MeOH were added. The mixture was allowed to warm up to rt, fil-
tered, evaporated, and subjected to column chromatography (MeOH : CHCl3 = 1
: 10) to afford 11 (l0 mg, 99%), l3e NMR spectrum of which was identical to that
ofanatural sample: l3C NMR 014.1,22.7,25.7,29.1,29.2,29.3,29.5,29.7,31.9,
32.3,36.8,54.4,62.5,74.7, 128.8, 134.3, 173.9.
Acknowledgment. We thank Wako Chemical for kindly providing a
sample of natural ceramide 11.
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Chapter 3
Regio- and Stereoselective Incorporation of a 13C Nuclide into
D-ribo-Phytosphingosine
via SmI2..Mediated C-C Formation with 13C-Labeled
Isocyanide
Abstract
Preparation of a l3C-Iabeled isocyanide and its application to the total syn-
thesis of [2-13C]D-ribo-C18-phytosphingosine are described. The synthesis of
the labeled phytosphingosine is based on the use of the isocyanide as a 13CH-
NH2 precursor in the SmI2-mediated three-component coupling reaction,
wherein regio- and stereoselective incorporation of a l3C nuclide in the carbon
skeleton is achieved.
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The understanding of structural features of biologically active compounds
in solution is required to gain insight into the binding interaction between these
molecules and their cellular receptors. There has been great advancement of
NMR spectroscopy, particularly in isotope-assisted techniques to elucidate the
conformation of such molecules in solution. 1 Hence, the use of compounds la-
beled with a 13e nuclide becomes a powerful tool for structural studies.2 This
situation has created an increased need for synthetic methods of the incorporation
of a 13C nuclide at desired positions of target molecules with defined configura-
tions. On the other hand, recent investigations concerning the role of
sphingolipids in cellular surface have prompted intensified interest in their struc-
tural aspects) We report here preparation of a 13C-labeled isocyanide and its
application to the stereoselective total synthesis of [2_ l3C]D-ribo-C18-
phytosphingosine, a lipophilic component broadly distributed in animal as well as
plant sphingolipids. The synthesis of the labeled phytosphingosine is based on the
use of the isocyanide as a 13CH-NH2 precursor in the SmI2-mediated three-com-
ponent coupling reaction,4 wherein regio- and stereoselective incorporation of a
13C nuclide is achieved.
First, a 13e nuclide was installed in the starting aromatic isocyanide. So-
dium formate with 99% 13e enrichment, a commercially available compound,
was treated with acetyl chloride. The resultant mixed anhydride was subsequently
reacted with an aromatic amine 1 to give a labeled formamide 2. Dehydration of
2 with trichloromethyl chloroformate furnished isocyanide (3) with the isocyano
carbon labeled by a l3C nuclide.
Next, [2- 13C]D-ribo-C18-phytosphingosine (13) was synthesized on the
basis of the synthetic route shown in Scheme 2-4. An optically active aliphatic
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aldehyde 7, (R)-2-(triisopropylsiloxy)pentadecanal, was prepared from a chiral
Scheme 1.
OH
* imidazole / DMF
1 99%
AcCI [ ] 1
*,BU1










pyridine / CH2C\2 3 80%
N
13C
glycidol derivative 4. A long aliphatic chain was introduced by alkylation of
lithium dialkylcuprate with 4. The secondary hydroxyl group of the ring-opened
product 5 was protected as a triisopropylsilyl ether, giving 6. Debenzylation by
hydrogenolysis on Pd-C and the subsequent Swem oxidation of the resultant pri-
mary alcohol furnished the a-siloxy aldehyde 7. 13e-Labeled (imidoyl}--Sm(III),
generated by the SmI2-mediated coupling of the isocyanide 3 with benzyl
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Scheme 2.
0 (nC13H27)2CuLi OH IPr3Si-OTf
anO......... "<J ~ BnO =...........-... ~", C14H29nEt20 2,6-lutidine
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chloromethyI ether,4 underwent the addition to the a-siloxy aldehyde 7 with fair
I,2-asymmetric induction (88:12). The stereoisomer expected based on Felkin's
model,5 designated as anci-S in Scheme 1, was produced preferentially. Addition
of NaBH4 to the resultant reaction mixture in the presence of ethanol6 led to
stereoselective reduction of the imino functionality to afford a mixture of stereoi-
somers of amino alcohol (9). The isomers ratio was estimated as 9a:9b:9c:9d =
86:11:2:<1 7 on the basis of the HPLC analysis of the sample obtained from an
analogous pilot experiment using an unlabeled correspondent to 3 (vide infra).
The fine stereoselection during the hydride reduction (ca. 98:2) is fonnulated as
arising from the attack of hydride from the less-hindered side of the 5-membered
chelate ring of anti-S. After the major isomer 9a was isolated in 85% by 1v1PLC,
the aromatic substituent of the nitrogen atom was removed through desilylation by




2 Sml2 j THF / HMPA
-15 °C, 3 h
8 anti: syn = 88 : 12
NaBH4 /
EtOH













(DDQ), and acidic hydrolysis.4c Then, the primary amino group of 10 was pro-
tected with t-butoxycarbonyl (Boe) group.8 Debenzylation of 11 by
hydrogenolysis and the subsequent cleavage of triisopropylsilyl ether by n-
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Bu4NF completed the synthesis of [2-13C]D-ribo-C18-phytosphingosine having
the Boc-protected amino group (13).9
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14 ·C = unlabeled C
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unlabeled isocyanide corresponding to 3, led to the synthesis of the unlabeled
counterpart 14. Removal of the Boc-group under acidic conditions followed by
acetylation with AcZO gave rise to the tetraacetate of D~ribo-C18-phyto­
sphingosine (15). Comparison of the physical data (lH NMR, Be NMR, and
optical rotation) of 15 with literature values9 confirmed the identity of 15, and
hence, of [Z-13C]D-ribo-C18-phytosphingosine (13).
In summary, an optically active labeled phytosphingosine was
stereoselectively synthesized by the use of the l3e-Iabeled isocyanide 3 as a
l3CH-NHZ precursor. Although l3C-Iabeled carbon monoxide is an important
source of a 13C nuclide, it is not easy to control the stoichiometry of the precious
gaseous material. Moreover, many carbonylation reactions require a high CO
pressure. The availability of BC-Iabeled isocyanide and its efficient use in the
stereocontrolled construction of a carbon skeleton, as demonstrated here, promise
to open a new synthetic pathway to a wide range of biologically interesting com-




General. Column chromatography was perfonned with silica gel 60 (E.
Merck, Darmstadt), 230-400 mesh. Preparative TI...C was perfonned with silica
gel 6D PF254 (E. Merck, Darmstadt). IH and l3C NMR spectra were acquired in
chlorofonn-d. Carbon chemical shifts were recorded relative to chlorofonn-d (d
77.D). Na2S04 was used to dry organic layers after extraction. All reactions
except for the hydrolyses of imines were perfonned under a dry nitrogen atmo-
sphere. (R)-(Benzyloxymethyl)oxirane was purchased from DAISO co., ltd.
Tridecanyllithium was prepared by a standard procedure.
4-(tert-Butyldimethylsiloxy)-2,6-xylidine (1). To a mixture of 4-amino-
3,5-xylenol (2.74 g, 20.0 mmol) and imidazole (2.72 g, 40.D mmol) in DMF (10
mL) at room temperature was added tert-butylchlorodimethyisilane (4.50 g, 3D.0
mmol). The reaction mixture was stirred for 12 h, diluted with water, and ex-
tracted with ether. The organic extracts were washed with saturated aqueous solu-
tion of NaCI, dried over Na2S04, and distilled under vacuum to furnish the title
compound (5.DI g,99%): bp liS °C (2 mmHg).
[formyl.13C]-N-Formyl-4-(lerl-bulyldimelhylsiloxy)-2,6-xylidine (2).
To a stirred suspension of Hl3C02Na (345 mg, 5.0 mmol) in ether (I mL) at room
temperature was added acetyl chloride (393 mg, 5.0 mmol). After the reaction
mixture was stirred for 12 h, i-Pr2ElN (1.0 mL, 5.7 mmol) and'l (1.26 g, 5.0
mmol) were added. The reaction mixture was stirred for 24 h, diluted with water,
extracted with AcOEt, dried over MgS04, and concentrated. The residue was
subjected to silica-gel column chromatography (ether:hexane = 1:1) to afford the
title compound as a mixture of two isomers (55:45) (830 mg, 66%): IH NMR
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(CDCI3) major 0 0.18 (s, 6H), 0.97 (s, 9H), 2.23 (s, 6H), 6,58 (s, 2H) 7.03 (d, 1 =
3.0 Hz, IH), 8.01 (dd,lCH = 193 Hz,J =3.0 Hz, IH); minor 00.20 (s, 6H), 0.98 (s,
9H), 2.18 (s, 6H), 6,56 (s, 2H), 6.80 (br, IH), 8.37 (dd, JCH =194 Hz, 1 =0.38 Hz,
IH); 13C NMR (CDCI3) 0 -4.4, 18.1, 18.6, 18.8,25.6,119.4,119.8, 125.7,126.5,
136.5,137.0,154.7,154.8,159.7 (l3C), 165.3 (l3C).
[isocyano- 13C]-4-(tert-Butyldimethylsiloxy)-2,6-xylyl Isocyanide (3).
To a solution of2 (800 mg, 2.87 mmol) in pyridine (5 mL) and CH2Cl2 (10 mL) at
-78°C was added trichloromethyl chloroformate (0.36 mL, 3.0 mmol) in CH2Clz
(l mL). The reaction mixture was stirred for 1 hat -78°C, and for additional 1 h
at 0 °C, diluted with an aqueous solution of ammonium hydroxide (30%, 1 mL)
and NaHC03 (l mL), and then extracted with hexane. The organic extracts were
subjected to silica~gel column chromatography (ether:hexane = 1: 1), and then to
vacuum distillation, affording the title compound (601 mg, 80%): bp 107°C (0.35
mmHg); IH NMR (CDCl3) 00.19 (s, 6H), 0.97 (s, 9H), 2.35 (s, 6H), 6.54 (s, 2H);
BC NMR (CDCI3) 0 -4.4, 18.2, 19.0, 25.6, 119.1, 136.4, 155.5, 166.2 (l3C);
HRMS mlz calcd for 13C12C14H23NOSi: 262.1583, found 262.1582.
(R)-1-Benzyloxy-2-hexadecano) (5). To a suspension of CuI (3.05 g, 16.0
mmol) in Et20 (30 mL) at -30°C was added a solution of tridecanyllithium (32
mmol) in ether (36 mL). After the reaction mixture was stirred for 30 min, 4 (1.70
g, 10.4 mmol) was added dropwise. The reaction mixture was stirred at -30°C for
2 h, and at 0 °C for 12 h, diluted with a saturated aqueous solution of N14CI, and
extracted with ether. The organic extracts were washed with a saturated aqueous
solution of NaCI, dried over Na2S04, and concentrated. The residue was sub-
jected to silica-gel column chromatography (ether:hexane = 1:10) to afford the
title compound (3.58 g, 99%): [CX]S(23'D) -3.2 ° (c 1.0, CHCI3); IH NMR (CDCI3)
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00.89 (t, J = 6.0 Hz, 3H), 1.26 (br, 24H), 1.35-1.50 (m, 2H), 2.34 (br, IH), 3.33
(dd,J = 9.4,8.0 Hz, IH), 3.52 (dd,J = 9.4,3.2 Hz, IH), 3.74-3.90 (m, IH), 4.56 (s,
2H) 7.27-7.40 (m, 5H); BC NMR (CDCI3) 0 14.1,22.7,25.5,29.3,29.5,29.7,
31.9,33.1,70.4,73.3,74.7,127.7,128.4,138.0. Anal. Calcd for C2314002: C,
79.25; H, 11.57. Found: C, 79.24; H, 11.87.
(R)-1-Benzyloxy-2-(triisopropylsiloxy)hexadecane (6). To a mixture of 5
(3.58 g, 10.3 mmol) and 2,6-lutidine (2.3 mL, 20 mmol) in CH2Cl2 (10 roL) at 0
°c was added triisopropylsilyl trifluoromethanesulfonate (4.0 mL, 15 mmo!).
The mixture was stirred at room temperature for 10 h, diluted with a saturated
aqueous solution of NaHC03, and extracted with ether. The organic extracts were
washed with a saturated aqueous solution of NaCI, dried over Na2S04, and con-
centrated. The residue was subjected to silica-gel column chromatography
(ether:hexane = 1:20) to afford the title compound 6 (5.14 g, 99%) as an oil: IH
NMR (CDCI3) 00.90 (t, J =6.7 Hz, 3H), 1.06 (br s, 18H), 1.27 (br s, 24H), 1.45-
1.69 (m, 2H), 3.36--3.50 (m, 2H), 3.98 (quintet, J = 5.5 Hz, IH), 4.54 (s, 2H),
7.27-7.39 (m, 5H); Be NMR (CDCI3) 012.6,14.1,18.1,22.7,24.5,29.4,29.6,
29.7,30.0,31.9,34.9,71.5,73.3,74.3,127.4,127.6, 128.3, 138.6. Anal. Calcdfor
C32H6002Si: C, 76.12; H, 11.98. Found: C, 76.40; H, 12.23.
(R)-2-(TriisopropylsiIoxy)hexadecanal (7). A mixture of 6 (2.0 g, 4.0
mmol) and 5% PdlC (250 mg) in TIiF (30 mL}-EtOH (1 mL) under dihydrogen
(150 atm) was stirred at 50°C for 2 d. The reaction mixture was filtered, concen-
trated, and subjected to silica-gel column chromatography (ether:hexane = 1:10)
to afford (R)-2-(triisopropylsiloxy)-I-hexadecanol (1.6 g, 97%).
To a stirred solution of this alcohol (409 mg, 0.99 mmol) in CH2CI2 (5 mL)
at -78°C was added oxalyl chloride (190 mg, 1.5 mmol). After 5 min,
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dimethylsulfoxide (117 mg, 1.5 mmol) was added and the reaction mixture was
stirred for 30 min at that temperature. Et3N (1 mL) and a saturated aqueous solu-
tion of NaHC03 were added and the mixture was extracted with ether. The or-
ganic extracts were washed with a saturated aqueous solution of NaCI, dried over
Na2S04, and concentrated. The residue was subjected to silica-gel column chro-
matography (ethyl acetate:hexane = 1: 100) to afford the title compound (320 mg,
79%) as an oil: [<1]S(24'D) +9.4 0 (c 2.1, CReI3). IH NMR (CDCI3) 00.88 (t, J =
6.2 Hz, 3H), 1.01-1.15 (m, 21H), 1.21-1,50 (hr, 24H), 1.54--1.69 (m, 2H), 4.07
(dt,] = 5.9,2.2 Hz, IH), 9.63 (d, J = 2.2 Hz IH); l3C NMR (CDCI3) 012.2, 14.1,
17.9,22.7,23.9,29.36,29.40,29.5,29.7,31.9,33.5, 77.6, 204.9. Anal. Calcd for
C25H5202Si: C, 72.75; H, 12.70. Found: C, 72.62; H, 12.95.
[2-13CI-(2S,3S,4R)-t-Benzyloxy-2-[4-(tert-butyldimethylsiloxy)-2,6-
xylyl]amino-4-(triisopropylsiloxy)octadecan-3-ol (9a). A mixture of samarium
powder (180 mg, 1.2 mmol) and 1,2-diiodoethane (282 mg, 1.0 mmol) in THF (10
mL) was stirred at room temperature for 2 h. HMPA (0.5 mL, 2.8 mmol) was
added and, after the reaction mixture was cooled to -15 °C, [isocyano- l3C]-4-
(tert-butyldimethylsiloxy)-2,6-xylyl isocyanide (3, 105 mg, DAD mmol) and ben-
zyl chloromethyl ether (78 mg, 0.50 mmol) were successively added. The reac-
tion mixture was stirred for 2 hand 7 (123 mg, 0.30 mmol) was added. Stirring
was continued for an additional 10 h, and then ethanol (1 mL) and NaBI-4 (100
mg, 2.6 mmol) were added. The mixture was stirred for 14 h at -15 °C, diluted
. with water (3 drops) and hexane (30 mL), and filtered through a short column of
Florisil. The filtrate was subjected to MPLC (ethyl acetate:hexane = 1:30) to
afford the title compound 9a as an oil (204 mg, 85%): IH NMR (CDCI3) 0 0.18 (5,
6H), 0.90 (t, J =6.0 Hz, 3H), 0.99 (s, 9H), 1.05 (5, 2H), 1.18-1.32 (br, 26H), 2.24
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(s, 6H), 3.00-3.20 (m, 2H), 3.45-3.60 (m, IH), 3.63-4.10 (m, 4H), 4.40 (d, J =
11.9 Hz, IH), 4.49 (d, J = 11.9 Hz, IH), 6.50 (s, 2H), 7.22-7.39 (m, 5H); BC
NMR (CDCI3) 0 -4.4,12.9,14.1, 18.21, 18.24, 18.8,22.7,24.7,25.7,29.4,29.6,
29.7,30.1,31.9,34.0,55.8 (13C), 70.4 (d,JCC =39.6 Hz), 73.7, 74.4, 75.3 (d,JCC
=39.1 Hz), 120.0,127.6,127.7,128.4,130.8,137.77,137.81,149.8.
[Z.13C] -(25,35,4R)-1.Benzyloxy-2- [(tert-bu toxyca rbonyI)amino] -4-
(triisopropylsiloxy )octadecan-3-ol (11). A mixture of 9a (105 mg, 0.131
mmol), water (0.1 mL) and potassium fluoride (58 mg 1.0 mmol) in DMF (1 mL)
was stirred at room temperature for 3 h. Volatiles were removed under vacuum,
and the residue was extracted with ether. The organic extracts were washed with
a saturated aqueous solution of NaCI, dried over Na2S04, concentrated, and dis-
solved in CH2C12 (1 mL), to which DDQ (50 mg, 0.22 mmol) was added at 0 °c.
The reaction mixture was stirred at room temperature for 3 h, mtered through
Celite, and concentrated. The residue was dissolved in TIIF (1 mL) and dilute
HCI (l M, 0.1 mL). After the mixture was stirred for 10 h, a saturated aqueous
solution of Na2C03 (0.5 mL) and ill-tert-butyl dicarbonate (100 mg, 0.46 mmol)
were added. The mixture was stirred at room temperature for 10 h, and extracted
with ethyl acetate. The organic extracts were washed with a saturated aqueous
solution of NaCI, dried over Na2S04, and concentrated. The residue was sub-
jected to silica-gel column chromatography (ether:hexane = 1:20) to afford the
title compound 11 (73 mg, 84%) as an oil: IH NMR (CDC13) 00.88 (t, J = 6.1 Hz,
3H), 1.07 (s, 21H), 1.26 (br, 24H), 1.43 (s, 9H), 1.55-1.70 (m, 2H), 2.73 (t,]=4.9
Hz, IH), 3.51-3.53 (m, IH), 3.40-3.73 (m, IH), 3.82 (br, JCH = 138 Hz, IH).
3.71-4.00 (m, 2H), 4.53 (5, 2H), 5.11 (br d, J = 9.1 Hz, IH) 7.25-7.40 (m, 5H);
13CNMR (CDCl3) 012.8.14.1,18.2,22.7,25.3,28.4.29.3,29.6,29.7,30.0,31.9,
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32.0,50.7 (13C), 70.0 (d, lCC =40.0 Hz), 73.4, 73.8, 74.6 (d,lee =41.1 Hz), 79.2,
127.5, 127.7, 128.4, 138.0, 155.3.
[2- 13 Cl - (2S ,3S ,4R)- 2- [(tert-B u toxyca rbony 1) a m in 0 14-
(triisopropylsiloxy)octadecane-l,3-diol (12). A mixture of 11 (47 mg, 0.071
mmol) and 5% Pd/C (50 mg) in THF (0.5 mL» under a dihydrogen atmosphere
was stirred room temperature for 15 h. The reaction mixture was filtered, and the
filtrate was concentrated to afford the title compound 12 (40 mg, 99%) as an oil:
IH NMR (CDC13) 80.87 (t, 1 =6.2 Hz, 3H), 1.09 (s, 21H), 1.25 (br, 24H), 1.43 (s,
9H), 1.55-1.74 (m, 2H), 2.66 (t, l:= 4.3 Hz, IH), 2.75-2.96 (m, IH), 3.30-4.10
(m, 4H), 3.74 (br, lCH = 134 Hz, IH), 5.09 (br d, 1 = 7.8 Hz, IH); l3C NMR
(CDC13) 8 12.7, 14.1, 18.1,22.7,25.4,28.3,29.4,29.5,29.7,31.9,32.3,51.9
(l3C), 62.8 (d, lee =38.5 Hz), 74.3, 75.2 (d, lee =41.1 Hz), 79.5, 155.5.
[2-13Cl-(2S,3S,4R)-2-[(tert-ButoxycarbonYl)amino]octadecane-l,3,4-
triol (13). A mixture of 12 (40 mg, 0.070 mmol) and tetrabuthylammonium fluo-
ride (0.2 mmol) in THF (0.7 mL) was stirred for 3 h. The mixture was concen-
trated and the residue was purified by silica-gel column chromatography (ethyl
acetate:hexane =2:1) to afford the title compound 13 (29 mg, 99%) as white sol-
ids: [a]S(23'D) +7.7 0 (c 1.2, CDCl3); IH NMR (CDC13) 00.87 (t, J = 6.7 Hz, 3H),
1.24 (br 5, 24H), 1.40-1.60 (m, 2H), 1.44 (s, 9H), 3.40-4.20 (m, 7H), 3.81 (br,JCH
= 137 Hz, IH), 5.43 (br d, J = 7.2 Hz, 1H); l3C NMR (CD30D:CDCI3 =5:1) 0
12.7,21.7,25.0,28.5,28.8,31.1,31.4,52.2 (l3C), 60.5 (d, Jee =39.4 Hz), 71.4,
74.6 (d, lee = 40.4 Hz), 78.4, 155.8; HRMS mlz calcd for l3C12C22I-4gNOS
(M+H): 419.3568, found 419.3558.
(2S,3S,4R)-2- [(tert-Butoxycarbonyl)amino]octadecane-I,3,4-triol (14).




trio! (16). A solution of 14 (19 mg, 0.045 mmoI) and water (0.05 mL) in
trifluoroacetic acid (0.5 mL) was stirred at room temperature for 10 h. After
volatiles were removed under vacuum, AC20 (150 mg, 1.47 mmol), Et3N (0.5
mL), THF (0.5 mL), and a catalytic amount of DMAP were added. The mixture
was stirred at room temperature for 18 h, diluted with water, and extracted with
ether. The organic extracts were dried over Na2S04 and concentrated. The resi-
due was subjected to silica-gel column chromatography (ethyl acetate:hexane =
2:1) to yield the title compound 16 (17 mg, 76%) as white solids: [a]S(24'D) +27.8
o (c 0.73, CHCI3) [lit. [a]D +28.0 0 (c 1.30, CHC13)]; IH NMR (CDCI3) 00.87 (t,
1 = 6.1 Hz, 3H), 1.24 (br, 24H), 1.71 (m, 2H), 2.01 (5, 3H), 2.03 (5, 6H), 2.07 (5,
3H), 3.98 (dt, J =11.6, 3.1 Hz, IH), 4.32 (dd,J =11.6,4.8 Hz, IH), 4.39-4.53 (m,
IH), 4.92 (dt, 1 = 8.8, 3.9 Hz, IH), 5.09 (dd, 1 =8.3, 3.0 Hz, IH), 5.97 (d, 1 = 9.4
Hz, 1H); l3C NMR (CDCI3) 0 14.1,20.8,21.1,22.7,23.3,25.,28.2,29.3,29.4,
29.5, 29.6, 29.7, 31.9, 47.6, 62.9, 71.9, 73.0, 169.7, 170.1, 170.9, 171.2. Anal.
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Synthesis of Unsymmetrical a-Diketones via Autoxidation of Ct.-
Hydroxy Imines
Abstract
A new method for the synthesis of unsymmetrical o:-diketones is developed.
Autoxidation of a-hydroxy imines, prepared by samarium(II) iodide-mediated
three-component coupling of an organic halide, 2,6-xylyl isocyanide, and a car-
bonyl compound, afforded the corresponding a-keto imines, which were hydro-
lyzed to a-diketones in high yield.
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Due to their utility in organic synthesis and their biological activities, a-
diketones have attracted considerable attention, and several important preparative
methods for a-diketones have been developed. 1 Recently, we reported the synthe-
sis of a-hydroxy imines 2 by the samarium(IQ iodide-mediated three-component
coupling of an organic halide, 2,6-xylyl isocyanide, and a carbonyl compound.2
Xy
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Funher potential utilities of the (a-iminoalkyl)samarium(III) intermediate 1 in~
volved in the reaction have been explored. However, attempts to prepare a-keto
imines by the direct acylation were unsuccessful, because the a-keto imine once
fonned is so electrophilic and attacked by 1 again to afford a tertiary alcohol 4 as
the major product. Herein, we describe a new synthetic method for
unsymmetrical a-diketones via autoxidation of a-hydroxy imines 2 and subse-
quent hydrolysis of the imino group.
a-Hydroxy imines 2, prepared according to the protocol reported previ-
ously,2 were found to be very susceptible to autoxidation, i.e., just on standing in
air at room temperature, the fonnation of the corresponding a-keto imines 3 was
observed. Efficient autoxidation of2 to 3 was carried out by a simple procedure of
bubbling oxygen into a refluxing solution of 2 in AcOEt.3 Addition of a catalytic
amount of benzoyl peroxide (BPO) accelerated the autoxidation. Although the
precise mechanism is not clear, the reaction may proceed via a hydroxymethyl
radical 6 fonned initially by light or by benzoyl peroxide. Capture of the radical 6
by oxygen followed by hydrogen atom transfer from an a-hydroxy imine 2 gives a
hydroperoxide together with the regeneration of the radical 6. Elimination of
hydrogen peroxide from the hydroperoxide gives rise to an a-keto imine 3.4
2
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The imino group of the a-keto imine 3 thus obtained. was hydrolyzed by
treatment with aqueous acid affording the corresponding a-diketone S. According
to the present method, the same unsymmetrical a-diketone can be synthesized via
two synthetic routes, i.e., one incorporating R1 from an organic halide and R2
from an aldehyde, and the other vice versa (either 3b or 3c IE Sb).
In conclusion, a new and convenient synthetic route to a variety of a-
diketones from organic halides, 2,6-xylyl isocyanide and aldehydes through




General. Column chromatography was performed with silica gel
(Wakogel C-200). Preparative TLC was performed with silica gel 60 PF254 (E.
Merck, Darmstadt). IH and BC NMR spectra were acquired in chloroform-d.
Where appropriate, NMR data only for the major stereoisomer are described.
NazS04 was used to dry organic layers after extraction. All reactions were per-
formed under a dry nitrogen atmosphere.
Unless otherwise noted, materials were obtained from commercial sources
and purified appropriately. THF was distilled from sodium diphenyl ketyl, D:MF,
CH2Ch and HMPA from CaH2, and toluene from LiA1H4.
6.Phenyl.4-(2,6-xylylimino)-3-hexanone (3a): The following describes
the typical procedure for the synthesis of a~keto imines 3 through a-hydroxy imi-
nes 2. The preparative procedure of a.-hydroxy imines 2 was slightly modified
from the previous report.2 To a mixture of 2,6-xylyl isocyanide (2, 52 mg. 0040
mmol),5 HMPA (0.7 mL, 4.0 mmo!), and Smlz (1.1 mmol) in TIlF (13 mL)6 at -
15°C was added 2-phenylethyl bromide (92 mg, 0.50 mmol). After the mixture
was stirred for 2 h, propionaldehyde (20 mg, 0.34 mmol) was added and the mix-
ture was stirred at that temperature for an additional 3 h. Then, HzO (a few drops),
EtzO (10 mL), and hexane (10 mL) were added to the reaction mixture. which was
filtered through a short column of Aorisil pretreated with Et3N. The filtrate was
evaporated and the residue was dissolved in AcOEt (35 mL), to which 02 was
bubbled with stirring at 80°C for 11 h. Column chromatography on silica gel
(ether: hexane = 1 : 5) gave 3a as an yellow oil (88 mg, 87%): m(neat) 1706,
1646crn-1; IH NMR 81.19 (t,] = 7.3,3 H), 1.93 (s, 6 H), 2.50-2.69 (m, 4 H), 3.05
(q, J = 7.3,2 H), 6.90-7.26 (m, 8 H); BC NMR 87.9, 17.9,30.8,32.0, 123.9,
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124.4, 126.3, 128.0, 128.2, 128.5, 140.5, 146.9, 168.9,202.8.
2~Methyl~6-phenyl-4-(2,6-xylylimino)·3-hexanone(3b): From SmI2 (1.1
mmol), HMPA (0.7 mL, 4 mmol), 2-phenylethyl bromide (92 mg, 0.50 mmol), 2
(52 mg, 0.40 mmol), pivalaldehyde (25 mg, 0.35 romo!) as described for 3a.
Autoxidation was carried out in the presence ofBPO (3 mg, 12 romo!):. IR (neat)
1702, 1644 em-I; IH NMR 81.22 (d,] =6.9,6 H), 1.95 (s, 6 H), 2.47-2.67 (m, 4
H), 3.93 (sep,] = 6.9,1 H), 6.90-7.27 (m, 8 H); Be NMR 818.1, 18.4,30.8,31.9,
33.8, 123.8, 124.4, 126.2, 128.05, 128.15, 128.4, 140.4, 147.0, 168.5,205.5.
5-Methyl-l-phenyl-4-(2,6.xylylimino).3-hexanone (3c): From SmI2 (1.1
mmol), HMPA (0.7 mL, 4 mmo!), 2-iodopropane (86 mg, 0.51 mmo!), 2 (52 mg,
0.40 mmol), 3-phenylpropanal (46 mg, 0.34 mmo!) as described for 3a [isolated
by preparative TLC (ether: hexane = 1 : 10). Autoxidation was carried out in the
presence of BPO (6 mg, 25 mmol): IR (neat) 1706, 1642 cm~I; IH NMR 01.08-
1.30 (m, 6 H), 2.01 (s, 6 H), 2.25-2.58 (m, 1 H), 3.02 (t,] =7.7,2 H), 3.34 (t,] =
7.7,2 H), 6.82-7.38 (m, 8 H); Be NMR 818.1,18.9,29.9,31.4,40.5, 123.4,
124.1,126.0,127.9, 128.1, 128.4, 141.0, 146.8, 172.7,201.7.
I-Phenyl-2-(2,6-xylylimino)-1-butanone (3d): From SmIz (1.1 mmol),
HMPA (1.0 mL, 5.7 mmol), bromoethane (56 mg, 0.51 mmol), 2 (52 mg, 0.40
mmel), benzaldehyde (36 mg, 0.34 mmel) as described for 3a: IR (neat) 1676,
1598 em-I; IH NMR 81.01 (t, J =7.7, 3 H), 2.13 (s, 6 H), 2.45 (q,] =7.7,2 H),
6.90-7.10 (m, 3 H), 7.47-7.69 (m, 3 H), 8.17-8.23 (m, 2 H) Be NMR 89.8, 18.5,
23.8,123.7,124.9,128.1,128.4,130.3,133.6,135.3,147.1, 172.4,193.7.
6-Benzyloxy-I-furyl.2.(2,6-xylylimino)-1-hexanone (3e): From SmI2
(1.1 mmol), HMPA (0.7 mL, 4 mmel), I-benzyloxy-4-bromabutane (118 mg,
0.49 mmal), 2 (51 mg, 0.39 mmoI), furfural (39 mg, 0041 mmel) as described far
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3a [isolated by preparative TLC (ether: hexane =1 : 5)]. Autoxidation was car-
ried out in the presence of BPO (3 mg, 12 mmo!): IR (neat) 1656 em-I; IH NMR
81.44-1.56 (m, 4 H), 2.08 (s, 6 H), 2.42 (t, J =7.6,2 H), 3.33 (t, J =5.9, 2 H), 4.39
(s, 2 H), 6.59 (q, J = 1.8, 1 H), 6.91-7.10 (m, 3 H), 7.20-7.38 (m, 5 H), 7.72-7.79
(m, 2 H); l3C NMR 818.3, 22.5,29.5,29.7,69.5,72.8,112.5,123.3,123.8,124.7,
127.4,127.5,128.1,128.3,13804,146.9,148.0,150.7, 170.1, 179.4.
2-Cyclohexyl-I-(pyrid-2-yl)-2-(2,6-xylylimino)-1-elhanone (30: From
SmI2 (1.0 mmol), HMPA (0.7 mL, 4 mmol), bromocyclohexane (82 mg, 0.50
mmol), 2 (51 mg, 0.39 mmol), 2-pyridinecarbaldehyde (43 mg, 0040 mmol) as
described for 3a [isolated by gel penneation chromatography]: IR (neat) 1692,
1658 em-I; IH NMR 01.04-2.50 (m, 16 H), 2.84 (tt, J =11.3,3.4, 1H), 6.59-7.09
(m, 3 H), 7.31-8.21 (m, 3 H), 8.56-8.75 (m, 1 H); BC NMR 818.1, 26.1, 30.0,
44.7, 121.5, 123.1, 126.7, 127.18, 127.24, 136.7, 147.2, 148.6, 152.0, 175.9,
198.5.
I-Phenyl-3,4-hexandione (Sa): A solution of 3a (125 mg, 0.43 mmol) in
THF (15 mL}-aq. HCl (0.5 N, 10 mL) was stirred at room temperature for 50 min.
NaHC03 (0.44 g, 5.2 mmol) was added and the mixture was extracted with
AcOEt, dried, and evaporated. Column chromatography on silica gel (ether: hex-
ane = 1 : 10) gave Sa as an yellow oil (80 mg, 99%): IR (neat) 1716 em-I; IH
NMR 81.07 (t, J =7.2,3 H), 2.75 (q, J = 7.2, 2 H), 2.87-2.99 (m, 2 H), 3.06-3.16
(m. 2 H). 7.13-7.35 (m, 5 H); l3C NMR 86.8,29.0,29.5,37.7, 126.3,128.3,
128.5, 140.4, 198.8, 200.0.
2-Methyl-6-phenyl-3,4.hexandione (5b): From 3b (38 mg, 0.12 mmol) as
described for Sa [THF (5 mL)-aq. HCI (0.5 N, 5 mL), room temperature, 1.5 h,
isolated by preparative TLC (ether: hexane = 1 : 5»). From 3c (16 mg, 0.052
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mmol) as described for Sa [THF (2.5 mL)-aq. HCI (0.5 N, 2.5 mL), room tem-
perature, 1.5 h]: IR (neat) 1716 cm·I; IH NMR 01.06 (d,J =7.0,6 H), 2.87-2.98
(m, 2 H), 3.04-3.15 (m,.2 H), 3.35 (sep, J = 7.0, 1 H), 7.15-7.35 (m, 5 H); BC
NMR 817.3, 29.0, 33.7, 38.3, 126.3, 128.3, 128.5, 140.3, 199.5,202.9.
I-Phenyl-l,Z-butandione (Sd): From 3d (26 mg, 0.10 mmol) as described
for Sa [THF (10 mL)-aq. HCI (l N,5 mL), 80 ac, 1h, isolated by preparative liC
(ether: hexane =1 : 8)]: IR (neat) 1738, 1678 em-I; IH NMR 01.21 (t,J =7.3,3
H), 2.92 (q, J = 7.3,2 H), 7.45-7.57 (m, 2 H), 7.61-7.71 (m, 1 H), 7.94-8.05 (m,
2 H); l3e NMR 86.8, 32.1, 128.9, 130.1, 132.0, 134.6, 192.6,203.9.
6-Benzyloxy-l-furyl-l,Z-hexandione (Se): From 3e (57 mg, 0.15 mmol)
as described for Sa [THF (10 mL)-aq. Hel (0.3 N, 5 mL), room temperature, 30
min, isolated by preparative TLC (ether: hexane = 1 : 5)]: IR (neat) 1718, 1664,
1106 cm-I; IH NMR 81.56-1.87 (m, 4 H), 2.95 (t, J =6.8, 2 H), 3.50 (t, J = 5.8, 2
H), 4.50 (s, 2 H), 6.58-6.63 (m, 1 H), 7.19-7.41 (m, 5 H), 7.65 (d, J = 3.7, 1 H),
7.75 (d, J = 0.75, 1 H); Be NMR 019.8,29.0,37.1,69.8,72.9, 112.9, 124.7,
127.5, 127.6, 128.3, 138.4, 148.8, 149.1, 176.5,200.1.
2-Cyclohexyl-l-(pyrid-2-yl)-1,2-ethandione (50: From 3f (72 mg, 0.23
mmol) as described for Sa [THF (10 mL)-aq. HCI (0.5 N, 5 mL), room tempera-
ture,45 min, isolated by gel penneation chromatography]: IR (neat) 1712, 1696
em-I; IH NMR 01.11-2.07 (m, 10 H), 2.90 (tt, J = 11.0,3.6, 1 H), 7.46-7.56 (m, 1
H), 7.83-7.94 (m, 1 H), 8.05 (d, J =7.8, 1 H), 8.70 (d, J =4.4, 1 H); l3e NMR
025.3,25.7,27.0,47.1,123.1, 127.9, 137.1, 149.6, 151.2, 195.7,208.7.
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Preparation of (Alkaneimidoyl)lanthanides and Their Reactions
with Carbonyl Compounds
Abstract
The preparation of (alkaneimidoyl)lanthanide(nI) reagents and their reac-
tions with carbonyl compounds were studied. Alkyllithium was added to a mix-
ture of an anhydrous lanthanide salt and 2.6-xylyl isocyanide in tetrahydrofuran at
-78°C. Among a series of lanthanide salts. CeCl3 effected the quantitative con-
version of the isocyanide to afford an orange solution of
(alkaneimidoyl)cerium(III). Although LaCl3. SmI3. and Sm(OTf)3 were found
to be highly reactive. multiple insertion of the isocyanide ensued.
(Alkaneimidoyl)cerium(III) could also be prepared by the reaction of
dialkylmagnesium with CeC13 and 2.6-xylyl isocyanide at -45°C. The thus-pre-
pared (alkaneimidoyl)cerium(Il1) reacted with a carbonyl compound to afford an
addition product. i.e., an a-hydroxy imine. The present reactions for the prepani-
tion of (alkaneimidoyl)cerium(lII) provide a convenient synthetic equivalent to a
nucleophilic acyllanthanide species with a wide variation for the acyl group. In
the cace of absence of lanthanide salt, the reaction of alkyllithium with 2,6-xylyl
isocyanide led to the trimerization of the isocyanide to afford an indole derivative.
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The migratory insertion of carbon monoxide into a metal-alkyl bond to fur-
nish an acylmetal is one of the most fundamental elementary processes in organo-
metallic chemistry. The isocyano carbon of an isocyanide also undergoes inser~
rion into a metal-alkyl bond to afford an (alkaneimidoyl)metal compound (here-
after alkaneimidoyl is abbreviated to imidoyl), which has found successful syn-
thetic applications. I) On the other hand, since the appearance of seminal papers
by LucheZ) and Kagan,3) ever-increasing research activities have been directed'
toward the use of lanthanide reagents for synthetic purposes.4) In many cases,
however, the intermediate organolanthanide has not been established as being
definitive. Hence, the preparative methods of new organolanthanide reagents,
which are thermodynamically stable, are yet to be developed. Recently, we have
found that the SmIz-mediated coupling of aryl isocyanide with an alkyl halide
furnishes an (imidoyl)samarium(III) species, which is reasonably stable up to 0
°C in the presence of hexamethylphosphoric triamide.5) The
(imidoyl)samarium(III) disclosed unique chemical properties in terms of nucleo-
philicity and basicity, that set itself apart from the existing analogous imidoyl
complexes of the main group and transition elements. Of much interest is the
behavior of imidoyl complexes of other lanthanide series. This paper describes
the results of our study on the preparation of (imidoyl)lanthanide(III) reagents and
their reactions with carbonyl compounds.
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Results and Discussion
Preparation of (Imidoyl)lanthanide by the Reaction of Isocyanide with a
Lanthanide Salt and Organolithium.
The reaction of a lanthanide(III) salt with organolithium has been assumed
to generate the corresponding organolanthanide through transmetallation, al-
though the precise structure of the intermediate is equivocal. 6) Thus,
butyllithium (1.0 equiv) was added to a white milky suspension of an anhydrous
lanthanide(lII) salt (1.1 equiv) and 2,6-xylyl isocyanide (1.0 equiv) in tetrahydro-
furan (THF) at -78 DC. The reaction mixture was stirred fo'r 30 min and then
quenched with water. The results with a series of lanthanide salts are shown in
Table 1. The use of CeCl3 effected the complete conversion of the isocyanide to
afford an orange solution with dissolution of the lanthanide salt and, after hy-
drolysis, an aldimine (1) was produced quantitatively (Run 2). As fuller discus-
sion will be presented later, the reaction of butyllithium alone with 2,6-xylyl
isocyanide at ~78 DC results in the quantitative formation of an anomalous product
through trimerization of the isocyanide)) The fact that no such trimer was pro-
duced with CeCl3 suggested that, prior to a direct reaction of free butyllithium
with the isocyanide, a putative butylcerium(lII) was formed by transmetallation
between butyllithium and CeCl3. Subsequently, an exclusive single insertion of
2,6-xylyl isocyanide into the C-Ce bond occurred to afford (imidoyl)cerium(III),
for which we assumed a T\2-bound structure (vide infra).
Although LaCI3, SmI3, and Sm(OTf)3 were found to also be highly reac-
tive, multiple insertion of the isocyanide ensued (Runs 1,4, and 5). In the cases of
EuCl3 and OdCI3, the isocyanide remained unreacted after 30 min at -78 DC with
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the appearance of the white milky suspension being unchanged. After hydrolysis,
no 1 was obtained (Runs 6 and 7). Since neither was produced the aforemen-
tioned trimer, it is unlikely that butyllithium remained unchanged. A
"complexing salt" or "butyllanthanide", which encumbered the reaction with the
isocyanide, might have been fonned.
When 1,1,3,3-tetramethylbutyl isocyanide was used instead of 2.6-xylyl
isocyanide under conditions analogous to those used in Run 2, no 1 was obtained
after hydrolysis. This result disclosed that a tertiary alkyl isocyanide is less reac-
tive toward organocerium(III) than an aromatic isocyanide.
74
Table 1. Reaction of Isocyanide with Lanthanide Salts and ButyllithiUl
(Xy=2,6-xylyl








Run LnX3 Yield of 1 (%) Yield of
Oligomers (%)
1 LaCI3 63 21
2 CeCI3 99 0
3 SmCI3 14 0
4 Smh 43 30
5 Sm(OTfb 13 74
6 EuC13 0 a
7 GdCI3 0 a
8 YbCl3 21 4
9 Yb(OTfb 10 0
75
Reactions of (Imidoyl)lanthanides with Carbonyl Compounds.
The addition of other organolithium reagents to a mixture of 2,6-xylyl
isocyanide and CeCl3 also produced an orange solution of the corresponding
(imidoyl)cerium(III). When a carbonyl compound was reacted with the
(imidoyl)cerium(III) at -78 °C, an addition product. i.e., an a-hydroxy imine (2)
was obtained in moderate to high yields.The (imidoyl)cerium(ITI) was stable at
temperatures of up to -40 °C, and the reaction at higher temperature led to a
gradual collapse of the intennediate to decrease the yield of 2. Selected examples
of the synthesis of a-hydroxy imines from a variety of organolithiums and car-
bonyl compounds are shown in Table 2. The methyl, phenyl, and vinyl groups
were easily coupled with the isocyanide (Runs 1,6-8), whereas the incorporation
of these groups in the skeleton of an a-hydroxy imine using organic halides as the
source in SmI2-mediated three-component coupling was unsuccessfu1.5) An
alkynylcerium failed to react with the isocyanide, in contrast to the reaction with
carbonyl compounds.6d) a-Hydroxy imines were obtained as well by the reaction
with an aldehyde (Run 2), and even with cyclopentanone (Run 6), which is ex-
tremely susceptible to enolization when treated with nucleophilic organometal-
Table 2. Reactions of (Alkaneimidoyl)cerium(III) with
Carbonyl Compounds (Xy =2,6-xylyl)
XY-NC 0 Xy
R'-U THF




R'pceCI2-78°C, • ~OHCeCh -78°C R'30min R2 R3
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8 ~ 6 ~OH 872h
a ) The reaction was quenched by adding AC/2.0, Et3N.
and 4-{dimethylamino)pyridine.
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lies. On the contrary, (imidoyl)lithium prepared from 1,1,3,3-tetramethylbutyl
isocyanide with butyllithiurn according to Walborsky's procedure, 1a-Ie) failed to
add to cyclopentanone. Thus, the low basicity of the (imidoyl)cerium(Ill) reagent
is noteworthy. Like other organolanthanides, (imidoyl)cerium(III) underwent a
selective 1,2-addition to an a,~-unsaturated ketone (Run 7).
Whereas secondary as well as primary alkyllithium reagents furnished 2 in
good yield, the reaction of (imidoyl)cerium(III) derived from tert-butyllithium
with propionaldehyde afforded 2i in only 30% yield together with an aldimine 3
in 44% yield (Scheme 1). The low-yield coupling with the aldehyde might have
been due to the collapse of the intermediate (imidoyl)cerium(Im species. We
suspect that the steric repulsion between the bulky tert-butyl group and the 2,6-
xylyl group disfavors the 112-bound structure. The tert-butyl group is pushed
away to the other side of the imino group, thereby rendering ,,2-binding difficult.
The enforced 11 Lcomplex is less stable to decompose gradually, even at -78 °e.
Scheme 1.
XY-NC






IBuA ceCI2-78°C ----CeCI3 tBu
30 min
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When phenyl isocyanate was reacted with the PhLi-derived









Preparation of (Imidoyl)cerium by the Reaction of Isocyanide with CeCI3
and Dialkylmagnesium.
The relative ease of formation of Grignard reagents (RMgX) from organic
halides together with a wide variation of the group R led us to examine their use
instead of alkyllithium. It has been reported that the use of the Grignard reagent-
CeCl3 system in reactions with carbonyl substrates affords the addition products
in high yield.8) However, an attempted reaction of the Grignard reagent with 2,6-
xylyl isocyanide in the presence of CeCl3 failed to proceed at temperatures rang-
ing from -78°C to 0 °C, possibly due to the sluggish process of
transmetallation.9)
The use of dialkylmagnesium for transmetallation with a lanthanide salt has
been documented,6c, lO) and was thus applied to a reaction with 2,6-xylyl
isocyanide. An ether solution of dibutylmagnesium (0.25 mmol) was added to a
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mixture of 2,6-xyly! isocyanide (0.50 mmo!) and CeC13 (0.55 mmol) in THF at -
78°C. Being stirred at that temperature for 90 min, the reaction mixture also
became orange, suggesting the formation of an (imidoyl)cerium(III) species.
Subsequent quenching with water gave the aldimine (1) in 70% yield. Moreover,
the addition of dibutylmagnesium at -45°C led to a quantitative conversion of the
isocyanide. Since no reaction occurred upon treatment of dibutylmagnesium
alone with 2,6-xylyl isocyanide at temperatures up to 0 °C, it is likely that
transmetallation between dibutylmagnesium and CeC13 proceeds quite efficiently
at -45°C, yielding butylcerium(lII), which is then coupled with the isocyanide.
Notably, both butyl groups of dibutylmagnesium were utilized in the coupling.
These results may be accounted for by assuming the concurrent occurrence of
transmetallation at both Mg-C linkages at ~45 0C. Table 3 presents the results of
the addition reactions of the diorganylmagnesium-derived (imidoyl)cerium(III)
reagents to carbonyl compounds. Primary and secondary alkyl, phenyl, and vinyl
groups were successfully coupled with the isocyano carbon in the initial C~C
bond-forming step. The second coupling of the (imidoyl)lanthanides with car-
bonyl compounds proceeded efficiently to produce a-hydroxy imines in good
yield. Di-t-butylmagnesium failed to undergo a-addition to the isocyanide.
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Run 2 Yield (%)
1 nBuZMg cyclohexanone 2a 87
2 SBuZMg cyclohexanone 2c 89
3 PhZMg El-CHO 2j 95 a)
4 (PhCHZ)ZMg cyclohexanone 2k 79
5 (Me2C=CHhMg cyclohexanone 21 78
a) The reaction was quenched by addition of Ac20, Et3N, and4-(dimethylamino)
pyridine. The proclucl was isolated as me acetylated derivative.
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Alkyllithium-Mediated Anomalous Trimerization of 2,6-Xylyl
Isocyanide
Isocyanides undergo insertion into metal~alkyl bonds to furnish
(alkaneimidoyl)metal compounds; e.g., the reaction of terr-alkyl isocyanide with
alkyllithium furnishes an (alkaneimidoyl)lithium intennediate, which has found
successful synthetic applications. 1 Unlike with carbon monoxide, the successive
multiple occurrence of this elementary process is possible with isocyanides, lead-
ing to the fonnation of 0ligomers1l and polymers. 12 Alkaneimidoyl complexes
of the transition, lanthanide, and actinide series have been the subject of intense
research. I3, 14 Most of them adopt a 112-bonding mode. In contrast, the struc-
tural features of alkaneimidoyl complexes of main group elements have received
little attention. 15 11 LBonding through a C-Li linkage has been conventionally
assumed for (alkaneimidoyl)lithium intermediates. We now report the
alkyllithium-mediated anomalous trimerization of aryl isocyanide, which infers
the bonding propenies of the intennediate organolithium species.
2,6-Xylyl isocyanide (0.50 mmol) was treated with methyllithium (0.50
mmol) in THF at -78 °e. The color of the solution changed from yellow to red,
and after 3 h became dark blue with quantitative conversion of the isocyanide.
The dark blue color disappeared the instant a drop of water was added to the
mixture, and after chromatography, 0.16 mmol of an indole derivative 5a was
obtained (95% based on 2,6-xylyl isocyanide). When 0.25 mmol of
methyllithium was used under otherwise identical conditions, 0.078 mmol of 5a
was produced and half of 2,6-xylyl isocyanide remained unreacted. Therefore, it
is likely that the lithia derivative of 5a traps two more equivalents of
methyllithium, which are inen toward the free isocyanide probably due to the
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steric reason. The skeletal arrangement of the anomalous product 5a was deduced
as depicted below on spectroscopic grounds.l 6 Three molecules of 2,6-xylyl
isocyanide and one methyl group coming from methyllithium constitute Sa.
Recrystallization from CH2CI2-MeCN provided single crystals suitable for an x-
ray crystallographic analysis, which finally established the exact structure of Sa
(Figure 1).17 The location of the double bonds was assigned on the basis of the
bond distances. The hydrogen atom HI found on a difference electron density
map, together with Nl, C5, C6, C7, and N3 forms a 6-membered cyclic geometry,
indicating the presence of an N3···HI hydrogen bond [N3-Hl = 2.00(2) A, Nl-
Scheme 4.


















Figure 1. Molecular structure of Sa with the hydrogen atoms except HI omitted
for clarity (35% probability thennal ellipsoids). The selected bond distances (A):
NI-HI, 0.93(2); N1-C5, 1.357(2); C5-C6, 1.369(2); C6-C7, 1.456(2); N3-C7,
1.288(2); N2-C6, 1.404(2); N2-C13, 1.299(2); C7-C8, 1.534(2); C8-C9,
1.497(3); C8-C13, 1.514(2); C9-CIO, 1.340(3); CIO-Cll, 1.446(3); Cll-Cl2,
1.349(3); Cl2-el3, 1.447(3).
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HI-N3:= 138(2)°]. The use of butyllithium instead ofmethyllithium furnished an
analogous indole 5b as well. However, a complex mixture was obtained when
other aryl isocyanide having no substituents at the o-positions was reacted with
alkyllithium.
In marked contrast to the cases of RLi-tert-alkyl isocyanide,1 R2Zn-2,6-
xylyl isocyanide18 and RSmX2-2,6-xylyl isocyanide,l1c,19 neither the mono
insertion product 6 nor the double insertion product 7 was obtained at all even
when the reaction was quenched with water at an earlier stage. The lithia deriva-
rive of Sa was prepared by treatment ofSa with butyllithium. However. regenera-
tion of the isocyanide was not observed, being suggestive of the irreversibility of
this trimerization.
Scheme 5
R-U Xy....... Xy...... Xyi'/U \+
-
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The coupling of carbenes with isocyanides to yield ketenimines has been
documented wel1.20 It has been also reported that N-(2,6-xylyl)ketenimine 8 re-
acts with 2,6-xylyl isocyanide to afford an indole via formal [4+1] cycloaddi-
tion.21 ,22 Furthermore, the direct formation of an analogous indole derivative by
the reaction of a metal carbene complex with aryl isocyanide is known.23 On the
basis of these precedents, it would be reasonable to presume the following mecha-
nism for the formation of 2; initial coupling of alkyllithium with 2,6-xylyl
isocyanide yields a transitory 112_(alkaneimidoyl)lithium 9.24 Besides 9B, a
carbene-like resonance form (9A) is viewed as an important contributor to the
description of the (alkaneimidoyl)lithium. The subsequent coupling with the sec-
ond equivalent of 2,6-xylyl isocyanide, presumably carbene-like one, affords the
ketenimine intermediate 10. The third incorporation of 2,6-xylyl isocyanide via
fonnal [4+ 1] cycloaddition furnishes the indole skeleton. A related discussion of
the carbenoid character of (1l2_acyl)thorium complexes has been given, based
upon the fonnation of indole analogs in the reactions with aryl isocyanides.25
In conclusion, the facile formation of the anomalous product 5 by
alkyllithium-mediated trimerization of 2,6-xylyl isocyanide infers the structural
features of the transient organolithium species. Assumption of an aminocarbene
character for the initial coupling product, and a ketenimine structure for the sec-
ond coupling product accounts for the present reaction pattern on analogy with the
organic and organometallic precedents.
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Mechanistic Features of Preparation of (Imidoyl)lanthanide.
A Et20 solution of iminolithium reagent (1.0 equiv) prepared by a
Walborsky procedure l ) was added to a white milky suspension of an anhydrous
CeCl3 (III) salt (1.1 equiv) in tetrahydrofuran (THF) at -78°C. The resultunt
orange suspension stired for 30 min and added cyclopentanone (1.0 equiv) ,which
is susceptible to enolization toward iminolithium reagent. However, none of ad-
duct was obtained. This result showed that transmetalation between iminolithium
and CeC13 did not occured in this reaction condition and also suggested that
transmetalation took place prior to insertion of isocyanide into C-metal bond in








In the reported procedure of the organolithium-CeC13 system for a car-
bonyl addition reaction, after organolithium was treated with CeC13 at -78°C for
30 min, a carbonyl compound was added.6a) When phenyllithium was treated
with CeCl3 at -78°C for 30 min, and then with the isocyanide at that temperature
for an additional 30 min, the insertion reaction stopped halfway. However, the
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subsequent addition of cyclopentanone to the mixture furnished 1-
phenyIcyciopentanol in 20% yield together with the a-hydroxy imine (2f) in 29%
yield (Scheme 3). Although evidence for a discussion of the nature of actual
species involved in the reaction with the isocyanide is rather sparse, at least two
different organocerium species can be assumed to explain this anomalous result.
The transitory one initially formed is sufficiently reactive to undergo a-addition to
the isocyanide, and is gradually converted to another species which is less reac-
tive toward the isocyanide, but is still so reactive as to add to cyclopentanone.
On the basis of the structures of the related (formimidoyl)lanthanide com-
plexes,26) a 11 2-bound structure may be presumed for the
(imidoyl)lanthanide(lII) species. Whether it adopts a monomeric or aggregated
form is unclear. In order to obtain structural information, a NMR study was car-
ried out using a 13C-Iabeled 4-(tert-butyldimethylsiloxy)-2,6-xylyl (Sx)
isocyanide (11).27) Thus, the isocyanide 11 was treated with phenyllithium and a
diamagnetic salt, LaCl3, at -78°C for 30 min. The BC NMR spectra (-78°C) of
the supernatant of the reaction mixture showed a distinct resonance at 271.6 ppm,
which conformed to the expectation for the imidoyl carbon bound to La of the
proposed (imidoyl)lanthanum structure. Notably, the signal at 271.6 ppm disap-
peared in the spectrum measured shortly after the temperature was raised to 0 °C
over 5 min. Instead, there appeared a new peak at 163.5 ppm, which was ascribed
to the formimidoyl carbon of an aldimine (12). It seemed that the thermal decom-
position of an (imidoyl)lanthanum occurs via the abstraction of a hydrogen atom










13C ·78°C, 30 min
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Conclusion








The straightforward preparation of acyllanthanides has met difficulties
from a synthetic point of view: A stable acylcerium(III) species is inaccessible by
way of the carbonylation of alkylcerium(III),28) The generation of stable
acylsamarium(III) reagents by the reduction of an acid chloride29) or by reduc-
tive carbonylation of an alkyl halide30) is limited to acyl groups having tertiary a-
carbon atoms, Since the imino functionality of an imine can be easily converted
to a carbonyl group by acidic hydrolysis, the present reactions for the preparation
of (imidoyl)cerium(III) provide a convenient synthetic equivalent to a nucleo-
philic acyllanthanide species. As compared with the SmI2-mediated three-com-
ponent coupling,S) a wider variation for the acyl group becomes available by this




Column chromatography was performed with silica gel 60 (E. Merck,
Darmstadt), 230-400 mesh. Preparative thin-layer chromatography (fLC) was
performed with silica gel 60 PF254 (E. Merck, Darmstadt). 1H and Be NMR
spectra were acquired in chloroform-d at 200 MHz and 50 MHz, respectively.
The carbon chemical shifts were recorded relative to chlorofonn-d (d 77.0).
Na2S04 was used to dry the organic layers after extraction. All of the reactions
were performed under a dry nitrogen atmosphere. Unless otherwise noted, all
materials were obtained from commercial sources. 11IF was distilled from so-
dium diphenylketyI. 2,6-Xylyl isocyanide was prepared according to the litera-
ture.31 ) An ether solution of diorganylmagnesium was obtained by the addition
of dioxane to an ether solution of a Grignard reagent.32) A reaction vessel was
immersed in a dry ice-MeCN bath to carry out the reaction at -45°C.
Synthesis of 1-[I-(2,6-XyIylimino)pentyl]cyciohexanol (2a) by the Re-
action of the BuLi-Derived (Imidoyl)cerium(lll) with Cyclohexanone.
Cerium trichloride heptahydrate (205 mg, 0.55 mmol) was dried under
vacuum at 50 °e for 1 h and at 140°C for 2 h. After being cooled to room
temperature, THF (2 ml) was added and the mixture was vigorously stirred for 12
h. 2,6-Xylyl isocyanide (65 mg, 0.50 mmol) was added to the resulting milky
white suspension, which was then cooled to -78 °e. To this was added a hexane
solution of butyllithium (300 ml, 0.50 mmol). After the mixture was stirred at
that temperature for 30 min, cyclohexanone (39 mg, 0.40 mmol) was added. The
reaction mixture was stirred for additional 1 h. Then, the temperature was al-
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lowed to rise to room temperature. A drop of water was added, and the mixture
was passed through a Florisil pad to remove insoluble materials. The filtrate was
subjected to silica-gel column chromatography (ether:hexane = 1: 10) to afford 2a
as oil (114 mg, 99%).
3-Acetoxy-4-(2,6-xylylirnino)octane (2b). Pale-yellow oil. 1H NMR 0 =
0.76 (t,l = 7.0 Hz, 3H), 1.10 (t,l =7.2 Hz, 3H), 0.91-1.52 (m, 4H), 1.82-2.15 (m,
4H), 1.95 (s, 3H), 1.98 (s, 3H), 2.16 (s, 3H), 5.27 (dd, J = 8.0, 4.8 Hz, 3H), 6.81-
7.00 (m, 3H) 13C NMR 0 = 10.5,13.5,18.0,18.1,21.0,23.0,25.9,27.7,31.7,
77.0, 122.8, 125.1, 125.9, 127.7, 127.9, 147.4, 170.9, 172.6. Anal. Found: C
74.44; H 9.65; N 4.62%. Calcd for C18H27N02: C 74.70; H 9.40; N 4.84%.
I-f2-Methyl-l-(2,6-xylylirnino)butyl]cyclohexanol (2c). Pale-yellow oil.
IH NMR 0 = 0.83 (t, J = 7.2 Hz, 3H), 1.01 (d, J = 7.1 Hz, 3H), 1.10-1.95 (m,
12H), 2.04 (s, 6H), 2.45-2.67 (m, IH), 5.30-5.65 (hr, IH), 6.85-7.05 (m, 3H);
13C NMR 0 = 12.8, 15.5, 18.3, 21.8, 25.4, 25.9, 35.0, 35.1, 38.7, 75.9, 122.6,
125.2,127.58, 127.63, 146.6, 180.2. Anal. Found: C 79.40; H 10.18; N 4.79%.
Calcd for CI9H29NO: C 79.39; H 10.17; N 4.87%.
1-[1-(2,6-Xylylimino)ethyl]cyclohexanol (2d). Colorless solid. 1H NMR
0= 1.18-1.45 (m, IH), 1.54-2.05 (m, 9H), 1.71 (s, 3H), 1.97 (s, 6H), 5.36 (s, IH),
6.87-7.09 (m, 3H); BC NMR 0= 14.7, 17.5,21.6,25.4,35.2,74.5,123.2, 125.9,
127.9, 146.7, 176.0. Anal. Found: C 78.10; H 9.54; N 5.66%. Calcd for
CI6H23NO: C 78.32; H 9.45; N 5.71 %.
1-[Cyclopropyl(2,6-xylylirnino)methyl]cyclohexanol (2e). Pale-yellow
oil. IH NMR 0 = 0.45-0.72 (m, 4H), 1.17-1.97 (m, I1H), 2.01 (s, 6H), 5.54-
5.68 (br, IH), 6.83-7.01 (m, 3H); Be NMR 0 = 6.9,13.0, 18.0,22.0,25.6,36.1,
75.7, 122.8, 125.6, 127.6, 145.9, 176.2. Anal. Found: C 79.93; H 9.48; N 4.93%.
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Calcd for C18H25NO: C 79.66; H 9.28; N 5.16%.
1-[Phenyl(2,6-xylylimino)methyl]cyclopentanol (2f). Colorless solid.
1H NMR o:=:: 1.60-2.10 (m, 8H), 2.08 (s, 6H), 5.51 (s, 1H), 6.50--6.89 (m, 3H),
7.02-7.25 (m, 5H); 13C NMR 0 = 18.4,24.0, 38.9, 84.5, 123.1, 125.7, 126.3,
127.5,127.7, 128.5, 135.1, 146.7, 175.7. Anal. Found: C 82.16; H 7.92; N 4.77%.
Caled for C20H23NO: C 81.87; H 7.90; N 4.77%.
1-[Phenyl(2,6-xylyIimino)methyl}cyclohex-2-en-l-ol (2g). Colorless oil.
IH NMR 0 = 1.52-2.24 (m, 6H), 1.87 (s, 3H), 2.23 (s, 3:H:), 5.89 (d, J = 10.1 Hz,
IH), 6.07-6.20 (m, 1H), 6.11 (s, 1H), 6.76-6.87 (m, 2H), 6.90-7.02 (m, 1H),
7.12-7.28 (m, 5H); 13C NMR 0=18.1, 18.4, 18.5,24.6,34.9,73.5, 123.4, 124.6,
126.8, 127.4, 127.7, 128.0, 128.9, 132.3, 135.1, 145.9, 174.6. Anal. Found: C
82.32; H 7.60; N 4.59%. Calcd for C21H23NO: C 82.59; H 7.59; N 4.59%.
1-[2-Methyl-1-(2,6-xylylimino)but-2-enyl]cyclohexanol (2h). Colorless
oil. IH NMR 0 = 1.12-1.95 (m, lOH), 1.61 (s, 6H), 2.06 (s, 6H), 5.21 (s, IH),
5.28-5.49 (m, IH), 6.82-7.00 (m, 3H); 13C NMR 0= 18.2,21.8,22.0,22.6,25.4,
35.5, 76.7, 123.2, 126.3, 127.7, 130.9, 146.5, 179.1. Anal. Found: C 79.87; H
9.75; N 4.81%. Calcd forC19H27NO: C79.95; H 9.53; N 4.91%.
4-Acetoxy-2,2-dimethyl-3-(2,6-xylylimino)hexane (2i). Pale-yellow oil.
1H NMR 0 = 0.75 (t, J ::= 7.4 Hz, 3H), 1.31 (5, 9H), 1.50-1.61 (m, 2H), 1.98 (s,
3H), K99 (s, 3H), 2.02 (s, 3H), 5.54 (dd,J =9.4,3.6 HZ,1H), 6.76-7.00 (m, 3H);
l3C NMR 0 = 10.7, 18.1, 18.2,20.9,26.3,28.8,41.2,74.1, 121.9, 122.8, 124.7,
127.5, 127.9, 147.7, 170.2, 174.2. Anal. Found: C 74.45; H 9.39; N 4.79%.
Calcd for C18H27N02: C 74.70; H 9.40; N 4.84%.
N,2-Diphenyl-2-(2,6-xylylimino)acetamide (4). Yellow solid. IH NMR
o= 2.01 (s, 6H), 6.51-7.00 (m, 3H), 7.12-7.45 (m, 8H), 7.71-7.80 (m, 2H), 9.82
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(br s, IH); l3C NMR 8 = 18.9, 120.0, 124.8, 125.0, 126.0, 128.2, 128.6, 129.5,
129.7, 130.6, 132.2, 138.1, 146.4, 161.3, 161.4. Anal. Found: C 80.21; H 6.04; N
8.34%. Calcd for CZZHZONZO: C 80.46; H 6.14; N 8.53%.
Synthesis of 2c by the Reaction of the s-Bu2Mg-Derived
(Imidoyl)cerium(III) with Cyclohexanone. Cerium trichloride heptahydrate
(205 mg, 0.55 mmol) was dried under vacuum at 50 DC for 1 h and at 140 DC for
Z h. After being cooled to room temperature, TIIF (2 ml) was added and the
mixture was vigorously stirred for 12 h. 2,6-Xylyl isocyanide (65 mg, 0.50
mmol) was added to the resulting milky white suspension, which was then cooled
to -45 DC. To this was added an ether solution of di-s-butylmagnesium (640 ml,
0.Z5 mmol). The mixture was stirred at that temperature for 45 min, and then
cyclohexanone (39 mg, 0.40 mmol) was added. After the reaction mixture was
stirred at -45 DC for 1 h, the temperature was allowed to rise to room temperature.
A drop of water and ether (2 ml) were added, and the mixture was passed through
a Florisil pad to remove insoluble materials. The filtrate was subjected to silica-
gel column chromatography (ether:hexane = 1:10) to afford 2c as oil (102 mg,
89%).
2-Acetoxy-l-phenyI-I-(2,6-xyIylimino)butane (2j). Pale-yellow oil. IH
NMR 8 = 1.07 (t, J =7.4 Hz, 3H), 1.76 (s, 3H), 1.86-2.05 (m, 2H), 2.17 (s, 3H),
2.20 (s, 3H), 5.60 (t, J =6.2, IH), 6.74-6.85 (m, 2H), 6.87-7.00 (m, IH), 7.15-
7.32 (m, 5H); l3C NMR 8 = 10.3, 18.1, 18.4,21.0,25.9,78.2, 122.7, 124.5,
126.8, 127.1, 127.3, 128.0, 128.1, 129.3, 136.0, 147.5, 168.3, 171.1. Anal.
Found: C 77.87; H 7.66; N 4.49%. Calcd for C20H23N02: C 77.64; H 7.49; N
4.53%.
1-[2-Phenyl-l-(2,6-xylyIimino)ethyI]cyclohexanol (2k). Pale-yellow oil.
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1H NMR 8 =1.15-1.40 (m, 1H), 1.58-1.92 (m, 9H), 1.87 (s, 6H), 3.56 (5, 2H),
5.15 (s, 1H), 6.74-6.81 (m, 2H), 6.87-6.94 (m, 3H), 7.02-7.11 (m, 3H); Be
NMR 8 = 18.3, 22.3, 26.0, 36.4, 36.5, 76.1, 123.9, 126.6, 126.9, 128.4, 128.6,
129.9, 135.7, 146.7, 176.7. Anal. Found: e 81.91; H 8.44; N 4.28%. Calcd for
C2zH27NO: C 82.20; H 8.47; N 4.36%.
1-[3-Methyl-l-(2,6-xylylimino)but-2-enyl]cyclohexanol (21). Pale-yel-
low oil. 1H NMR 8 =1.18 (5, 3H), 1.15-1.90 (m, IOH), 1.61 (d, J = 1.2 Hz, 3H),
2.06 (5, 6H), 5.43-5.61 (br, 1H), 5.62-5.68 (m, IH), 6.82-7.03 (m, 3H); Be
NMR 8 = 18.3,20.4,21.8,25.4,25.6,35.8, 75.1, 117.7, 123.4, 126.8, 128.1,
140.4, 146.3, 175.0. Anal. Found: C 79.95; H 9.68; N 4.72%. Calcd for
CI9H27NO: C 79.95; H 9.53; N 4.91 %.
The authors are grateful to The Ministry of Education, Science and Culture




(1) a) G. E. Niznik, W. H. Morrison, and H. M. Walborsky, J. Org. Chern.,
39,600 (1974); b) M. J. Marks and H. M. Walborsky, J. Org. Chern., 46,
5405 (1981); c) M. 1. Marks andH. M. Walborsky, J. Org. Chern., 47,52
(1982); d) M. Murakami, H. Ito, and Y. Ito, J. Org. Chern., 53, 4158
(1988); e) M. Murakami, H. Ito, W. A. W. A. Bakar, A. B. Baba, and Y.
Ito, Chem. Lett., 1989, 1603.
(2) a) J. L. Luche, 1. Am. Chem. Soc., 100,2226 (1978); b) A. L. Gemal and
J. L. Luche, J. Am. Chem. Soc., 103, 5454 (1981).
(3) P. Girard, 1. L. Namy, and H. B. Kagan, J. Am. Chern. Soc., 102,2693
(1980).
(4) a) H. B. Kagan and J. L. Namy, Tetrahedron, 24, 6573 (1986); b) J. A.
Soderquist, Aldrichim. Acta, 24, 15 (1991); c) G. A. Molander, Chern.
Rev., 92, 29 (1992); d) T. Imamoto, Lanthanides in Organic Synthesis;
Academic Press: London, 1994.
(5) a) M. Murakami, T. Kawano, H. Ito, and Y. Ito, J. Org. Chern., 58, 1458
(1993); b) M. Murakami, H. Ito, and Y. Ito, J. Org. Chern., 58, 6766
(1993).
(6) a) T. Imamoto, T. Kusumoto, Y. Tawarayama, Y. Sugiura, T. Mita, Y.
Hatanaka, and M. Yokoyama, J. Org. Chern., 49, 3904 (1984); b) S.
Collins, Y. Hong, G. 1. Hoover, and 1. R. Veit, J. Org. Chern., 55, 3565
(1990); c) G. A. Molander, E. R. Burkhardt, and P. Weinig, J. Org.
Chern., 55, 4990 (1990); d) K. Utimoto, A. Nakamura, and S. Matsubara,
J. Arn. Chern. Soc., 112, 8189 (1990).
95
(7) M. Murakami, H. Ito, and Y. Ito, submitted for publication to Chem. Leu.
(8) T. Imamoto, N. Takiyama, K. Nakamura, T. Hatajima, and Y. Kamiya, J.
Am. Chern. Soc., 111, 4392 (1989).
(9) It has been reported that the reactions of a Grignard reagents with tertiary
alkyl isocyanide are generally less satisfactory than those of alkyllithium
reagents.1 a) We also observed that a Grignard reagent failed to react
with 2,6-xylyl isocyanide at temperatures ranging from -78°C to room
temperature, in marked contrast to the case with alkyllithium.7)
(10) S. Matsubara, A. Nakamura, and K. Dtimoto, 37th Symposiwn on Orga-
nometallic Chemistry, Japan, PB 106, Osaka, 1990.
(11) a) S. Otsuka, A. Nakamura, and T. Yoshida,J. Am. Chem. Soc., 91, 7196
(1969). b) Y. Yamamoto and H. Yamazaki, Inorg. Chem., 13, 438
(1974). c) M. Murakami, H. Masuda, T. Kawano, H. Nakamura, and Y.
Ito, J. Org. Chem., 56, 1 (1991).
(12) a) W. Drenth and R. 1. M. Nolte, Ace. Chern. Res., 12, 30 (1979). b) T. J.
Deming and B. M. Novak, J. Am. Chem. Soc., 115,9101 (1993). c) Y.
Ito, E. Ihara, and M. Murakami, Angew. Chern., Int. Ed. Engl., 31, 1509
(1992). d) K. Onitsuka, K. Yanai, F. Takei, T. Joh, and S. Takahashi,
Organometallics, 13, 3862 (1994).
(13) L. D. Durfee and 1. P. Rothwell, Chern. Rev., 88, 1059 (1988), and refer-
ences cited therein.
(14) a) W. J. Evans, T. P. Hanusa, and J. H. Meadows, Organometallics, 6,
295 (1987). b) W. 1. Evans, J. H. Meadows, W. E. Hunter, and 1. L.
Atwood, Organometallics, 2, 1252 (1983).
(15) Recen tly, the carbene character of lithiated thiazole has been structurally
96
demonstrated: G. Boche, C. Hilf, K. Harms, M. Marsch, and J. C. W.
Lohrenz, Angew. Chem., Int. Ed. Engl., 34,487 (1995).
(16) Sa: yellow powder: 1H NMR (CDCl3) d 1.24 (s, 3H), 2.10 (s, 3H), 2.13
(s, 3H), 2.18 (5, 3H), 2.20 (s, 3H), 2.25 (s, 3H), 2.28 (s, 3H), 5.62-5.80
(m, 2H), 5.94-6.01 (m, IH), 6.90-7.12 (m, 7H); BC NMR (CDCI3) d
14.7,16.2,18.3,18.4,18.8,19.6,26.1,58.5,122.9, 123.0, 123.7, 125.7,
126.8,127.38,127.45,127.8,128.0,128.1,128.3,130.8, 132.2,136.1,
136.5, 137.7, 146.7, 152.7, 167.1, 172.6. Found: C 81.84, H 7.55, N
10.17%. Calcd for C28H31N3: C 82.1 L H 7.63, N 10.26%.
(17) Crystal data for Sa: C28H31N3, M =409.6, orthorhombic, space group
Pbca (no. 61), a = 13.814(5), b = 36.808(8), C =9.151(2) A, Z =8, V =
4653(2) A3, rcalcd= 1.17 gjcf!l3, CUKa, 1= 1.54178 A, m =4.55 em-I,
T = 293 K, 4497 reflections measured, 3891 independent, 3563 [F >
1.0s(F)] included in the refinement, anisotropical refinement for non-
hydrogen atoms by full-matrix least-squares with a program package
CrystanG (Mac Science), 384 parameters, R = 0.054, Rw = 0.062, isotro-
pic refinement for the hydrogen atom HI, refinement with isotropic ther-
mal parameters calculated from those of the bonded atoms for other hy-
drogen atoms.
(18) M. Murakami, H. Ito, and Y. Ito, J. Org. Chem., 53, 4158 (1988).
(19) M. Murakami, T. Kawano, H. Ito, and Y. Ito, J. Org. Chem., 58, 1458
(1993).
(20) a) G. R. Krow, Angew. Chem., Int. Ed. Engl., 10,435 (1971). b) W. D.
Wulff, in Comprehensive Organic Synthesis, ed by B. M. Trost and I.
Fleming, Pergamon Press, Oxford (1991), Vol. 5, p. 1065.
97
(21) N. Obata, H. Mizuno, T. Koitabashi, and T. Takizawa, Bull. Chern. Soc.
Jpn., 48, 2287 (1975).
(22) For [4+1] cycloaddition of isocyanides, see: a) G. Kollenz, W. Ott, E.
Ziegler, K. Peters, H. G. von Schnering, and H. Quast, Liebigs Ann.
Chem., 1980,1801. b) D. P. Curran and H. Liu, J. Am. Chern. Soc.,113,
2127 (1991). c) R. H. Rigby andM. Qabar,J.Am. Chem. Soc., 113,8975
(1991).
(23) R. Aumann and H. Heinen, Chern. Ber., 119, 2289 (1986).
(24) Although the monomeric Tt2-bound structure was depicted for 6. other
aggregated forms are also possible.
(25) K. G. Maloy, P. 1. Fagan, J. M. Manriquez, and T. J. Marks,J.Am. Chem.
Soc., 108, 56 (1986).
(26) a) W. J. Evans, T. P. Hanusa, and J. H. Meadows, Organometallics, 6,
295 (1987); b) W. 1. Evans, 1. H. Meadows, W. E. Hunter, and J. L.
Atwood, Organometallics, 2, 1252 (I983).
(27) Synthesis of the 13C-Iabeled isocyanide is described in Chapter 3.
(28) T. Imamoto, Y. Kamiya, T. Hatajima, M. Yokoyama, Kidorui, 14, 166
(1989).
(29) 1. Collin and H. B. Kagan, Tetrahedron Lett., 29, 6097 (1988).
(30) a) 1. Collin, J.-L. Namy, F. Dallemer, and H. B. Kagan, J. Org. Chern.,
56,3118 (1991); b) J.-L. Namy, M. Colomb, and H. B. Kagan, Tetrahe-
dron Lett., 35, 1723 (1994).
(31) I. Ugi and R. Meyr, Organic Syntheses, H. E. Baumgarten, Ed., Wiley:
New York, 1973, Collect. Vol. 5, p 1060.








Synthesis of a.-Hydroxy Ketones by Samarium(II) Iodide-Medi-
ated Coupling of Organic Halides, an Isocyanide, and Carbonyl
Compounds
Murakami, M.; Kawano, T.; Ito, H.; Ito, Y. J. Org. Chern. 1993,
58, 1458-1465.
Stereoselsctive Synthesis of 2-Amino Alcohols by Use of an
Isocyanide as an Aminomethylene Equivalent
Murakami, M.; lto,H.; Ito, Y. l. Org. Chern. 1993,58,6766-
6770.
Regio- and Stereoselective Incorporation of a BC Nuclide into D-
ribo-Phytosphingosine vi~ 5mb-Mediated C-C Formation with
13C-Labeled Isocyanide
Murakami, M.; Ito,H.; Ito, Y. Chern. Lett. in press.
Synthesis of Unsymmenical a.-Diketones via Autooxidation of
a.-Hydroxy Imines
Murakami, M.; Komoto, 1.; Ito,H.; Ito, Y. Synlett. 1993,511-
512.
Preparation of (Alkaneimidoyl)lanthanides and Their Reactions
with Carbonyl Compounds
Murakami, M.; Ito,H.; Ito, Y. Bull. Chern. Soc. lpn. 1996,69,25
-30.
Alkyllithium-Mediated Anomalous Trimerization of Aryl
Isocyanide
Murakami, M.; Ito,H.; Ito, Y. Chern. Lett. 1996,7-8.
99
